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DECLARATION IN SUPPORT OF A CONVENTION APPLICATION FOR A PATENT

In support of the Convention Application made by CIBA-GEIGY AG for a patent for 
an invention entitled:
Composition for controlling parasites in productive livestock

We, Arnold Seiler and ) of CIBA-GEIGY AG, Klybeckstrasse 141,
Ernst Altherr } 4002 Basle, Switzerland

do solemnly and sincerely declare as follows:

1. We are authorised by the applicant for the patent to make this declaration 
J on its behalf.

« <r . :

.'*“ .· 2. The basic application(s) as defined by Section 141 of the Act -wee· (were)
‘ ' made in Switzerland

;,.’*,** on March 24, 1987 and December 15, 1987
« ft9
« & 9
9 9

ff .
6 9 » « I»

C t ■ .

both by CIBA-GEIGY AG, 4002 Basle, Switzerland.

3· Peter Maienfisch, Traugott Meyer-Strasse 5, 4147 Aesch, 
Switzerland

U «ft
4 9 «
ft *

•is (ate·) the actual inventor(-s) of the invention and the facts upon which the 
applicant is entitled to make the application are as follows: The said appli­
cant is the assignee of the actual inventor(-»9 ·

4. The basic application(s) referred f.o in paragraph 2 of this Declaration wee 
(were) the first application(s) made in a Convention country in respect of 
the inventionsthe subject of the application.

DECLARED at Basle, Switzerland on 1988March 4,

A
To: The Commissioner of Patents
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(57) Claim

(I)

In which
X represents one of the groups -CHCORp-, -C(=0/· or -C(=N-OH)-; 

represents hydrogen or a QH-protecttng group;
Rg represents methyl, ethyl, isopropyl or ser .-butyl or the group 
-0<ΟΗ3λ<Η-Α in which A represents methyl, ethyl or Isopropyl; and 
R3 represents hydrogen; CpC^-alkyI; CpC10-alkyl substituted 
by at least one substituent selected from the group consisting of
halogen, CpCg-alkoxy, c2-Cg-alkoxyalkoxy, C3-Cg-alkoxy- 
alkoxyalkoxy, c^-Cg-alkylthio, Cg-Cy-cycloalkyl, CpCg-alkyl- 
substituted Cg-C^-cycloalkyl, hydroxy, teenzyloxy( CpCg-acyl 
derived from a straight-chain or branched alkanoic acid which is

• t/2

liIt
I
t.

I

i
>

unsubstituted or substituted by halogen, and C^-Cg-acyloxy wherein
the acyl moiety has the meaning given before, it being possible for each
of the above-mentioned radicals representing or containing an alkoxy



(11) AU-B-13502/88
(10)614509  

-2-

group to be terminally substituted at a terminal alkoxy group by hydroxy, 
halogen, CpCg-acyl derived from a straight-chain or branched 
alkanoic acid which is unsubstituted or substituted by halogen or by 
C^-Cg-acyloxy wherein the acyl moiety has the meaning given before; 
C3-C7-cycloa1kyl; Cg-Cy-cycloalkyl substituted by at least one 
substituent selected from the group consisting of halogen, and 
CpCg-alkyl; C3-C7-cycloalkeny1; Cg-C^θ-alkony 1; C2-C1Q- 
alkynyl; a radical selected from the group consisting of C2-C1Q- 
alkenyl and C2-C^Q-alkynyl, which radical is substituted by halogen, 
C^-Cg-alkoxy or by CpCg-acyloxy wherein the acyl moiety has the 
meaning given before; 1-adamantylmethyl; menthyl; carveyl; phenyl, 
benzyl; naphthyl; a radical selected from the group consisting of phenyl, 
benzyl and naphthyl, which radical is substituted by at least one 
substituent selected from the group consisting of halogen, C^-Cg- 
alkyl, C1-C3-haloalkyl, Cp^-alkoxy, C1-C3-haloalkoxy, 
C^-Cg-aIky1thio, nitro and cyano; benzyl substituted by a phenoxy 
group; or a four- to six-membered heterocyclic radical that has from one 
to
three hetero atoms selected from the group consisting of oxygen, sulphur 
and nitrogen and that is unsubstituted or is substituted by at least one 
substituent selected from the group consisting of halogen, Ci-Ca-alkyl, 
Ci-Cs-haloalkyl, Ci-C3-alkoxy, Ci-Cj-haloalkoxy, Cj-Ci-alkylthio , nitro 
and cyano, it being possible for the said heterocyclic radical also to be 
bonded via a Ci-Ce-alkylene bridge to the oxygen atom in the S'-position. 
of the tetrahydrofuran ring.

23. A 13-spiro-2'-Ctetranydrofuran]-m1lbemycin derivative, 
substantially as hereinbefore described with reference to any o^e of 
Examples Hl to H23, 1.1 to 1.149, 2 J to 2.149, 3.1 to 3.149, 4.1 to 
4.149, 5.1 to 5.149, 6.1 to 6,149, 7.1 to 7.149 or 8.1 to 8.149.

28. A method of controlling parasites in animals or of controlling 
insect pests wherein an parasitici dally or insecticidally effective 
amount of a compound as defined in claim 23 or a composition as defined 
In claim 24 or claim 25 Is applied to the parasite, the Insect pest or to 
the locus thereof.
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Composition for controlling parasites in productive livestock
The present invention relates to novel 13-spi ro-2'-Ctetrahydro- 

furanJ-mi1bemycin derivatives of the formula I below, to their 
preparation, to compositions that contain at least one of these

5 substances as active ingredient, and to their use for controlling ecto- 
and endo-parasites in productive livestock.

According to a broad form of the present invention there is 
provided a compound of formula I
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(I)

X represents one of the groups -CH(ORp-, -COO)- or -CON-OH)-;
R^ represents hydrogen or a OH-protecting group;
R2 represents methyl, ethyl, isopropyl or sec.-butyl or the group 
-C(CHg)=CH-A in which A represents methyl, ethyl or isopropyl; and 

15 Rg represents hydrogen; C^-C|0-a.lky 1; C1 -C1 θ-alky 1 substituted
by at least one substituent selected from the group consisting of

60 0 0 
ΰ e

# » ft «

0 0 ή» 
β & «

& a c

halogen, ^-Οθ-alkoxy, C2-Cg-a1koxyalkoxy, Cg-Cg-al koxy- 
alkoxyalkoxy, C^-Cg-alkylthio, Cg-C?-cycloalkyl, CpCg-alkyl- 
substituted Cg-Cy-cycloalkyl, hydroxy, benzyloxy, C^-Cg-acyl

20 derived from a straight-chain or branched alkanoic acid which is
unsubstituted or substituted by halogen, and C^-Cg-acyloxy wherein 
the acyl moiety has the meaning given before, It being possible for each
of the above-mentioned radicals representing or containing an alkoxy 
group to be terminally substituted at a terminal alkoxy group by hydroxy 

25 halogen, C^-Cg-acyl derived from a straight-chain or branched
alkanoic acid which is unsubstituted or substituted by halogen, or by
Cy-Cg-acyloxy wherein the acyl moiety has the meaning given before; 
Cg-Cy-cycloalkyl; Cg-Cy-cycloalkyl substituted by at least one 
substituent selected from the group consisting of halogen and

^XW:1399y• Av >



- 2 -

CpCy-alkyl; C3-C7~cycloalkenyl; Cg-C^-alkenyl; C2-C1Q- 
alkynyl; a radical selected from the group consisting of C2-C^Q- 
alkenyl and C2-C10-alkynyl, which radical Is substituted by halogen, 
C^-Cg-alkoxy or by C^-Cg-acyloxy wherein the acyl moiety has the

5 meaning given before; 1-adamantylmethyl; menthyl; carveyl; phenyl, 
benzyl; naphthyl; a radical selected from the group consisting of phenyl, 
benzyl and naphthyl, which radical is substituted by at least one 
substituent selected from the group consisting of halogen, C^-Cg- 
all.yl, CT-Cg-haloalky 1» C1-C3-alkoxy, C^-C3-haloalkoxy,

10 C-j-C3-alky 1 thio, nitro and cyano; benzyl substituted by a phenoxy 
group; or a four- to six-membered heterocyclic radical that has from one 
to three hetero atoms selected from the group selected from the group 

"» consisting of oxygen, sulphur and nitrogen and that is unsubstituted or
% is substituted by at least one substituent selected from the group
o /’ <, 15 consisting of halogen, C,-CQ-alkyl, C.-Cn-haloalkyl, C.-C,-
e ο ο o | □ IO 10

alkoxy, C,-C3-haloalkoxy, -C3-alky 1 thio, nitro and cyano, it 
being possible for the said heterocyclic radical also to be bonded via a ί Η « M

’■ ° CpCg-alkylene bridge to the oxygen atom in the 5'-position of the
tetrahydrofuran ring.

20 Menthyl groups that come into consideration are those menthyl
« groups Which are derived from ο-, m- and p-menthane and can bs linked to M 4 O S Φ

the oxygen atom located at the CL' atom via one of the unsubstituted
'· 0 ring carbon atoms. 2-methy1-6-1sopropylcyclohexyl should be mentioned as 

. a preferred menthyl group. Carveyl is preferably 2-methy 1-5-Cl-me thy 1--
25 vlhyl)-2-cyclohexen-2-yl.

The compounds of formula I can be in the form of a mixture of 
««<.<> epimers in respect of the CK' carbon atom In the tetrahydrofuran ring.

The pure aplmers are obtained by means of customary physical separation
0 ζ’ methods, hereinafter the two epimers are identified by the letters A and

30 B,
Here and hereinafter, OH-protecting groups for substituent 

should be understood as meaning the protective functions customary in 
organic chemistry. These are especially acyl and silyl groups. Suitable 
acyl groups are, ^or example, radicals R^-C(O)- in which R^

35 represents CpC^-alkyl, CpC10-haloalkyl or a radical selected 
from the group consisting of phenyl and benzyl that is unsubstituted or 
is substituted by at least

KXH:1399y

L



1

r 3 -

ί· one substituent selected from the group consisting -f halogen, C1-C3- 
alkyl, Ci-C3-haloalkyl, Ci-C3-alkoxy, Ci-C3-haloalkoxy, cyano 
and is. preferably Ci-Cg-alkyl, Ci-Cg-haloalkyl or phenyl that 
stitut.ed or is substituted by halogen, Ci-C3-alkyl, CF3 or by 
suitable silyl group for Ri is the radical -Si(Rg)(Rg)(R7) in

R7 preferably independently of one another, represent Cj-Cg-alkyl, 
or phenyl and, together with the silicon atom, form, for example, 
the groups trimethylsilyl, thexyldimethylsilyl (thexyl = 1,1,2-

and nitro
is unsub-
nitro. A
which Rs,

ft
« ft

e ·* 
t ft ·

ft ft ·

ft ft ft
ft ft «

ft · «

t · 
ft «
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t ft 
« ft 
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♦ ft 
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ft ft

ft

4 
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ft»

Rg and 
benzyl 
one of
trimethyl-]-propyl: (CH3)2CH-C(CH3)2-) , diphenyl-tert.-butylsilyl, bis- 
(isopropyl)methylsilyl, triphenylsilyl and especially tert.-butyldi- 
inethylsilyl. The 5-OH group can also be etherified in benzyl ether or 
methoxyethoxymethyl ether form or, in accordance with European A-specifi- 
cation No. 155 623, can be bonded to a carbohydrate radical, hereinafter 
referred to as a sugar radical for the sake of simplicity.

Suitable structural elements that are substituted "by at least one sub­
stituent" selected from a specified group of substituents are those which 
can be derived from compounds that can be prepared according to customary 
chemical methods. The said structural elements are preferably substituted 
by from 1 to 3 substituents, there generally 
or cyano group present.

being no more than one nitro

Compounds of formula I in which X represents 
a protecting group can be converted into the 
derivatives (X = -CH(ORi)-, Ri - H) bv simple,
removal of the protective function and therefore z;.lso have 
of intermediates.

-CH(ORi)- and
highly active 

for example

Ri represents 
free 5-hydroxy 
hydrolytic, 
the character

Preferred substituents of phenyl groups are from 1 to 3 halogen atoms, 
Cj-Ca-alkyl, Cj-Cg-alkoxy, Ci-Cj-alkylthio, Ci-Ca-haloalkyl or nitro and 
cyano. Of all the substituents of phenyl groups that contain an alkyl 
group, those having 1 carbon atom are especially preferred. Where there 
is more than one substituent, these substituents can be present inde­
pendently of one another. An ά-methylbenzyl group is also to be regarded 
as an alkyl-substituted benzyl group.
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The term "alkyl" on its own or as part of another substituent, depending 
upon the number of carbon atoms indicated, is to be understood as 
including, for example, the following radicals: methyl, ethyl, propyl, 
butyl, pentyl, hexyl, heptyl, octyl, nonyl and decyl, and also the 
isomers, such as, for example, isopropyl, isobutyl, tert.-butyl and iso­
pentyl. Haloalkyl represents a mono- to per-halogenated alkyl substi­
tuent, such as, for example, CHCls, CHF2, CHgCl, CCI3, CFs, CHsF, 
CH2CH2CI and CHBra, preferably CF3. Halogen should be understood here and 
hereinafter as being fluorine, chlorine, bromine or iodine, preferably 
fluorine, chlorine or bromine. Alkenyl represents an aliphatic hydro­
carbon radical characterised by at least one C=C double bond, such as, 
for example, vinyl, propen-l-yl, allyl, buten-l-yl, buten-2-yl and buten- 
3-71.

C2-CG-alkoxyalkoxy represents an alkoxy radical of which the carbon chain 
consists of up to 6 carbon atoms and is interrupted by an oxygen atom, 
for example OCHaOCHp OCH2CH2OCH3, OCH2OC2H5. OCHnCHaCHaOCjH? or 
OC(CH3)2OC2H5, Cj-Cg-alkoxyalkoxyalkoxy consists of an alkoxy radical of 
which the carbon chain consists of from 3 to 9 carbon atoms and is 
interrupted in two places by an oxygen atom, for example OCH2OCH2OCH3, 
OC2HiiOC2HiiOG2H5 or OCH2CH2OCH2CH2OCH2CH2CH3, Alkynyl represents, for 
example, ethynyl, propyn-l-yl, propargyl or butyn-l-yl. Cycloalkyl re­
presents, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl or cyclooctyl, Of the alkyl groups substituted by benzyloxy, 
those are preferred which contain from 1 to 3 carbon atoms in the alkyl 
moiety and are monosubstituted by benzyloxy, especially 2-benzyloxyethyl. 
Acyl as R3 or as part of R3 preferably represents the alkanoyl radical 
derived from a straight-chain or branched alkanoic acid, for example 
CH3CO, CaHsCO, i-CsHyCO, n-CaHyCO, n-CiiHg-CO or tert.-butylCO, in which 
the alkyl radicals may also be halogenated, such as, for example, as 
indicated above for haloalkyl. Cycloalkenyl represents one of the above 
cycloalkyl radicals but contains at least one double bond and does not
have aromatic character.

Of the four-membered heterocyclic rings, special preference is given to
those which contain a hetero atom from the group consisting of oxygen,
sulphur and nitrogen and are saturated. Typical examples are:
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Typical five-membered heterocyclic rings are: furan, thiophene, pyrrole, 
isoxazole, isothiazole, furazan, imidazole, 1,2,4-triazole, 1,2,3- 
triazole, pyrazole, pyrroline, oxazole, thiazole, thiadiazoles, 
pyrazoline, thiazoline, pyrazolidine, pyrrolidine, oxazolidine, thia- 
zolidine, oxadiazole, imidazoline, imidazolidine, pyrazolidine, tetra­
hydrofuran; and typical six-membered heterocyclic rings are pyridine, 
pyridazine, pyrimidine, pyrazine, thiazine, thiadiazines, pyrans, 
piperidine, piperazine, morpholine, perhydrothiazine, dioxan and their 
partially hydrogenated or partially saturated homologues. The hetero­
cyclic radical is generally bonded via a carbon atom, preferably the 
carbon atom adjacent to a hetero atom, to the rest of the molecule.

Compounds of formula I in which X represents -CH(ORi)- or -C(=N-QH)- in 
which Ri represents hydrogen or a OH-protectinggroup, are preferred, 
especially those compounds of formula I in which X represents -CH(ORj)- 
and Rx represents hydrogen. Acyl and silyl groups as Rj are generally to 
be understood as protecting groups.

Compounds of formula I in which Rs represents methyl, ethyl, isopropyl or 
sec.-butyl, especially ethyl or methyl, preferably ethyl, are preferred.

Compounds in which Ra represents sec.-butyl shall here and hereinafter 
also be considered as milbemycih derivatives although according to con­
ventional classification they sre derived from avermectin derivatives. 
Avermectin-aglycones (with an OH group in tho 13«-position) can, however, 
be converted in accordance with US-PS 4 173 571 into milbemycin homo­
logues.

In naturally occurring milbemycins (Rj = H; R2 = CH3, C2H5 or iso-CaHy) 
the 13-position is always occupied on?} by hydrogen. In avermectins, 
however, the 13-position is occupied by an a-L-oleandrosyl-ce-L-oleandrose 
radical which is linked via oxygen in the α-conflguration to the 
macrolide molecule. Avermectins also differ structurally from milbemycins

22 23by a 23-OH group or Δ ’ double bond and generally by a substituent
Ra = sec.Ct,H<;. By hydrolysing the sugar radical of avermectins it is readily
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possible to obtain the corresponding avermectin- aglycones that have an 
allylic 13a-hydroxy group. The avermectin-aglycones can be converted into 
the milbemycin homologues as indicated above. In the milbemycin deri-

22 23 ,vatives of the present application, the Δ double bond is always in
hydrogenated form.

The following sub-groups of compounds of formula I are especially 
preferred because of their pronounced parasiticidal and insecticidal 
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Group la: Compounds of formula I in which
X represents -CH(ORj)- or -C(=N-OH)-, preferably -CH(ORi)-;
Ri represents hydrogen or a OH-protecting group;
Rs represents methyl, ethyl, isopropyl or sec.-butyl; and
R3 represents hydrogen; C1-C1Q-alkyl; Cj-Cio-alkyl substituted by at 
least one substituent selected from the group consisting of halogen, 
Ci-Ce-alkoxy, Cg-Ce-alkoxyalkoxy, Ca-Cg-alkoxyalkoxyalkoxy, Cj-Ct-alkyl- 
thio, C3-C7~cycloalkyl, hydroxy and Ci-Ce-acyl, it being possible for 
each of the above-mentioned radicals representing or containing an alkoxy 
group to be terminally substituted at a terminal alkoxy group by hydroxy, 
halogen, Ci-Ce-acyl or by Ci-C6-acyloxy; an ethyl group substituted by 
benzyloxy; C3-C7-cycloalkyl; C3~C7-cycloalkyl substituted by at least one 
substituent selected from the group consisting of halogen arid C1-C3- 
alkyl; C3-C7-cycloalkenyl; Ca-Cio-alkenyl; C2-C1o-alkynyl; a radical 
selected from the group consisting of Cz-Cjo-alkenyl and Cg-Cio-alkynyl, 
which radical is substituted by hajogen, Ci-Cfi-alkoXy or by Ci-CG-acyl- 
oxy; 1-adamantylmethyl; menthyl; carveyl; phenyl; benzyl; naphthyl; a 
radical selected from the group consisting of phenyl, benzyl and 
naphthyl, which radical is substituted by at least one substituent 
selected from the group consisting of halogen, Ci-Cs-alkyl, Ci-C/j-halo- 
alkyl, Cj-03-alkoxy, Ci-C3-haloalkoxy, Ci-Cg-alkylthio, nitro and cyano; 
benzyl substituted by a phenoxy group; or a four- to six-membered hetero­
cyclic radical that has from one to three hetero atoms selected from the 
group consisting of oxygen, sulphur and nitrogen and that is unsub­
stituted or is substituted by at least one substituent selected from the 
group consisting of halogen, Ci~C3-alkyl, Ci-Cg-haloalkyl, Ci-Ca-alkoxy,



Cj-Ca-haloalkoxy, Ci-C3-alkylthio, nitro and cyano, it being possible for 
the said heterocyclic radical also to be bonded via a Ci-Cg-alkylene 
bridge to the oxygen atom in the 5'-position of the tetrahydrofuran ring.
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Group lb: Compounds of formula I in which
X represents -CH(ORi)-;
Ri represents hydrogen or n OH-protecting group;
Ra represents methyl, ethyl, isopropyl or sec.-butyl; and
R3 represents hydrogen; Ci-Cj o-alkyl; Cj-Ci o-alkyl substituted by at 
least one substituent selected from the group consisting of halogen, 
Ci-Cs-alkoxy, Ca-Cfi-alkoxyalkoxy, Cj-Co-alkoxyalkoxyalkoXy, Ci-Co-alkyl- 
thio, C3-C7'’cycloalkyl, hydroxy and Cj-Ce-acyl, it being possible for 
each of the above-mentione.'d radicals representing or containing an alkoxy 
group to be terminally substituted at a terminal alkoxy group by hydroxy, 
halogen, Ci-CG-acyl or by Ci-Cc-acyloxy; C-j-Cv-cycloalkyl; C3-C7-cyclo- 
alkyl substituted by at least one substituent selected from the group 
consisting of halogen and C;-Ca-alkyl; Cj-d-cycloalkenyl; Ca-Cio- 
alkenyl; Ch-CjQ-alkynyl; a radical selected from the group consisting of 
Ca-Cio-alkenyl and Ca-Cio-alkynyl, which radical is substituted by 
halogent Ci-Co-alkoxy or by Cj-CG-acyloxy; 1-adamantylmethyl; menthyl; 
carveyl; phenyl; benzyl; naphthyl; a radical selected from the group 
consisting of phenyl, benzyl and naphthyl, which radical is substituted 
by at least one substituent selected from the group consisting of 
halogen, Cj-C3-alkyl, Ci-Ca-haloalkyl, Ci-C3-alkoxy, Ci-C3-ha.loalkoxy, 
Ci-C3-alkylthio, nitro and cyano; or a four- to six-membered heterocyclic 
radical that has from one to three hetero atoms selected from the group 
consisting of oxygen, sulphur and nitrogen and that is unsubstituted or 
is substituted by at least one substituent selected from the group con­
sisting of halogen, Cj-’Ga-alkyl, Ci-C3-haloalkyl, Cj-Cj-alkoxy, C1-C3- 
haloalkoxy, Ci-C3-alkylthio, nitro and cyano, it being possible for the 
said heterocyclic radical also to be bonded via a Ci-Cg-alkylene bridge 
to the oxygen atom in the 5'-position of the tetrahydrofuran ring.

Group Ici Compounds of formula I in which X represents -00(0111)- and Ri 
represents hydrogen, Rq-C(O)- or -SKRsXRgKR?) ; wherein Ri, represents 
C;-Cio-alkyl, Ci-C10-haloalkyl, or a radical selected from the group con­
sisting of phenyl and benzyl, which radical is unsubstituted or is sub-
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stituted by at least one substituent selected from the group consisting 
of halogen, Ci-C3-alkyl, Cj-Ca-haloalkyl, Ci-C3-alkoxy, Ci-C3~haloalkoxy, 
cyano and nitro, and R5, Rg and R7, independently of one another, repre­
sent Ci-Cfi-alkyl, benzyl or phenyl; Ra represents methyl, ethyl, iso­
propyl or sec.-butyl; and R3 represents hydrogen, Cj-Cs-alkyl; C1-C5- 
alkyl substituted by at least one substituent selected from the group 
consisting of halogen, Ci~C3-alkoxy, Cj-CG-alkoryalkoxy, Ca-Cg-alkoxy- 
alkoxyalkoxy, Ci~C3~alkylthio, Cj-Cy-cycloalkyl, hydroxy and Ci-Co-acyl, 
it being possible for each of the above-mentioned radicals representing 
or containing an alkoxy group to be terminally substituted at a terminal 
alkoxy group by hydroxy, halogen, Ci-Cc-acyl or by Ci-Co-acyloxy; C3-C.7- 
cycloalkyl; C3-C7~cycloalkyl substituted by at least one substituent 
selected from the group consisting of fluorine, chlorine, bromine and 
methyl; Ca-Cc-alkenyl; C;>-CG-alkynyl; a radical selected from the group 
consisting of Ca-Cc-alkenyl and Ca-Cc-alkynyl, which radical is sub­
stituted by fluorine, chlorine, bromine, Gj-Cs-alkoxy or by Ci-Cc-acyl- 
oxy; phenyl; benzyl; a-naphthyl; β-naphthyl; a radical selected ..rom the 
group consisting of phenyl, benzyl, α-naphthyl and β-naphthyl, which 
radical is substituted by at least one substituent selected from the 
group consisting of fluorine, chlorine, bromine, methyl, methoxy, CF3, 
f 0, CHjS» nitro and cyano; or a four- to six-membered heterocyclic 
radical that has from one to three hetero atoms selected from the group 
consisting of oxygen, sulphur and nitrogen and that is unsubstituted or 
is substituted by at least one substituent selected from the group con­
sisting of fluorine, chlorine, bromine, methyl, ethyl, CF3, CH3O, CF3O, 
CH3S, nitro and cyano, it being possible for the said heterocyclic 
radical also to be bonded via a Gi-Cc-alkylene bridge to the oxygen atom 
in the 5'-position of the tetrahydrofuran ring.

Gr.-up Id: Compounds of formula I in which X represents -CH(ORi)- and Ri 
represents hydrogen, Ri,-c(o)- or -SiCRsKR&XRy); wherein Rit represents 
Ci-Gio-alkyl, Ci-Cio-haloalkyl or a radical selected from the group con­
sisting of phenyl and benzyl, which radical is unsubstituted or is sub­
stituted by at least one substituent selected from the group consisting 
of halogen, Ci-Ca-alkyl, Ci-Gj-haloalkyl, Ci-Ca-alkoxyt Ci-Gj-haloalkoxy, 
cyano and nitro, and R$, Rg and R7, independently of one another» repre­
sent Ci-Ci>-alkyl, benzyl or phenyl; Ra represents methyl, ethyl, iso-

1
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propyl or sec.-butyl; and R3 represents Ci-Gs-alkyl, or Gi-Cs-alkyl sub­
stituted by at least one substituent selected from the group consisting, 
of halogen, Ci-C^-alkoxy, Ca-Cc-alkoxyalkoxy, C3-Cg-alkoxya.lkoxyalkoxy . 
Ci~C3-alkylthio, Ca-Cy-cycloalkyl, hydroxy and Ci-Ce-acyl, I being 
possible for each of the above-mentioned radicals representing or con­
taining an aluoxy group to be terminally substituted at a terminal alkoxy 
group by hydroxy, halogen, Ci-Co-acyl or by Ci-Cc-acyloxy.

Group Ie: Compounds of formula I in which X represents -CH(ORi)- and Ri 
represents hydrogen, Ri>— C(0)- or -Si(R&) ( Rg ) (R7)', wherein Ri, represents 
Ci-Cio-alkyl, Cj-Cio-haloalkyl or a radical selected from the group 
consisting of phenyl and benzyl, which radical is unsubstituted or is 
substituted by at least one suhstituent selected from the group con­
sisting of halogen, Gj-Ca-alkyl, Ci-Ca-haloalkyl, Cj-Ca-alkoxy, C1-C3- 
haloalkoxy, cyano and nitro, and Rs, Rt, and R7 , independently of one 
another, represent C1-Ch-alkyl, benzyl or phenyl; Rn represents methyl, 
ethyl, isopropyl or sec.-butyl; and R represents Ca-Cz-cycloalkyl; 
C3-C7-cycloalkyl substituted by at least one substituent selected from 
the group consisting of fluorine, chlorine, bromine and methyl; Cp-Cf,- 
alkenyl; Cj-CG-alkynyl; a radical selected from the group consisting of 
Ca-CG-alkenyl and Cn~Gf,-alkynyl, which radical is substituted by 
fluorine, chlorine, bromine, Ci-Cj-alkoxy or by Ci-CG-acyloxy; phenyl; 
benzyl; «-naphthyl; 0-naphthyl; a radical selected from the group con­
sisting of phenyl, benzyl, a-naphthyl and g-naphthyl, which radical is 
substituted by at least one substituent selected from the group con­
sisting of fluorine, chlorine, bromine, methyl, methoxy, CFi, CFjO, CH3S, 
nitro and cyano; or a four- to six-membered heterocyclic radical that has 
from one to three hetero atoms selected from the group consisting of 
oxygen, sulphur and nitrogen and that is unsubstituted or is substituted 
by at least one substituent selected from the group consisting of 
fluorine, chlorine, bromine, methyl, ethyl, CF3, CH3O, CFjO, CHaS, nitro 
and cyano, it being possible for the said heterocyclic radical also to be 
bonded via a Cr-Cg-alkylene bridge to the oxygen atom in the 5'-position 
of the tetrahydrofuran ring,

L
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Group If: Compounds of formula I in which X represents -CH(ORi)- and Ri 
represents hydrogen, Ri(-C(0)- or -Si(Rs)(Rq)(R7); wherein Ri( represents 
C1-C10-alkyl, Ci-Ci0"haloalkyl or a radical selected from the group con­
sisting of phenyl and benzyl, which radical is unsubstituted or is sub­
stituted by at least one substituent selected from the group consisting 
of halogen, Ci-C3-alkyl, Ci-C3-haloalkyl, Ci-C3~alkoxy, Ci-C3-haloalkoxy, 
cyano and nitro, and R5, Rg and Ry, independently of one another, repre­
sent Cj-Cif-alkyl, benzyl or phenyl; Rg represents methyl, ethyl, iso­
propyl or sec,-butyl; and R3 represents phenyl, benzyl, «-naphthyl, 
β-naphthyl or a radical selected from the group consisting of phenyl, 
benzyl, «-naphthyl and β-naphthyl, which radical is substituted by at 
least one substituent selected from the group consisting of fluorine, 
chlorine, bromine, methyl, methoxy, CFj, CF3O, CH3S, nitro and cyano.

Group Ig: Compounds of formula I in which X represents -CH(ORi)- and Ri 
represents hydrogen, Ri,-C(O)— or -S1(Rg HRgXRy); wherein Rft represents 
Ci-CiQ-alkyl, Ci-Cio“haloalkyl or a radical selected from the group con­
sisting of phenyl and benzyl, which radical is unsubstituted or is sub­
stituted by at least ope substituent selected from the group consisting 
of halogen, Cx-Ca-alkyl, Ci-C3-haloalkyl, Cx-C3-alkoxy, Ci-Cj-haloalkoxy, 

cyano and nitro, and R5, Rg and Ry, independently of one another, repre­
sent Ci-Cu-alkyl, benzyl or phenyl; Rj represents methyl, ethyl, iso­
propyl or sec.-butyl; and R3 represents Ca-CG-alkenyl, Ca-Cc-alkynyl, or 
a radical selected from the group consisting of Cn-Co-alkenyl and Cb-Cg- 
alkynyl, Which radical is substituted by fluorine, chlorine, bromine, 
Ci~C3-alkoxy or by Ci-C6-acyloxy,

Group Ih: Compounds of formula I in which X represents -CF'<JRi>- and Ri 
represents hydrogen, Rg-C(O)- or -SKRsXR&XRi ); wherein Rh represents 
Ci-Cio-alkyl, Ct-Cio-haloalkyl or a radical selected from ths group con­
sisting of phenyl and benzyl, which radical is unsubstituted or is sub­
stituted by at least one substituent selected from the group consisting 
of halogen, Ci-Cj-alkyl, Ci-Ci-haloalkyl, Cx-C3-alkoxy, Cx-Ca-haloalkoxy, 
cyano and nitro, and Rs, Rs and Rn independently of one another, repre­
sent Ci-Cti-alkyl, benzyl or phenyl; Rz represents methyl, ethyl, iso­
propyl or sec.-butyl; and R3 represents a four- to six-membered hetero­
cyclic radical that has from one to three hetero atoms selected frr:s the

L

n
■ IX



- 11
1

group consisting of oxygen, sulphur and nitrogen and that is unsub­
stituted or is substituted by at least one substituent selected from the 
group consisting of fluorine, chlorine, bromine, methyl, ethyl, GF3, 
CH3O, CF3O, CH3S, nitro and cyano, it being possible for the said hetero­
cyclic radical also to be bonded via a Ci-Cc-alkylene bridge to the 
oxygen atom in the S'-position of the tetrahydrofuran ring.

Group Ii: Compounds of formula I in which X represents -CH(ORi)- and Ri 
represents hydrogen, Rii-C(O)- or -Si(Rs)(Rg) (R7); wherein Rh represents 
C1-C10-alkyl, Ci-Cj o“haloalk.yl or a radical selected from the group con­
sisting of phenyl and benzyl, which radical is unsubstituted or is sub-
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stituted by at least one substituent selected from the group consisting 
of halogen, Ci-Cj-alkyl, Cj-Cj-haloalkyl, Ci-Cj-alkoxy, Ci-Ci-dialoalkoxy, 
cyano, and nitro, and Rs, Rc and Ry, independently of one another, repre­
sent Cj-Cii-alkyl, benzyl or phenyl; R? represents methyl, ethyl, iso­
propyl or sec,-butyl; and Rj represents an unsaturated or preferably 
saturated four-membered heterocyclic radical having a hetero atom 
selected from the group consisting of oxygen, nitrogen and sulphur, or 
represents furan, thiophene, pyrrole, isoxazole, isothiazole, furazan, 
imidazole, 1,2,4-triazole, 1,2,3-triazole, pyrazole, pyrroliile, oxazole, 
thiazole, thiadlazoles, pyrazoline, thiazoldne, pyrazolidine, 
pyrrolidine, oxazolidine, thiazolidine, oxadiazole, imidazoline, imida*· 
zolidine, pyrazolidine, tetrahydrofuran, pyridine, pyridazine, 
pyrimidine, pyrazine, thiazine, thiadiazines, pyrans, piperidine, 
piperazine, morpholine, perhydrothiaZine or dioxan, it being possible far 
the said heterocyclic radical also to be bonded via a Cl-C4-alkylene 
bridge to the oxygen atom in the S'-position of the tetrahydrofuran ring,

Group Ik; Compounds of formula I in which X represents -CHCORi)* and Rj 
represents hydrogen or -SURsHRsiCR?); wherein Rs, Rs and Ry, inde­
pendently of one another, represent Ci^Cg-alkyl; Ra represents methyl, 
ethyl, isopropyl or sec.-butyl; and Rj represents Ci-Ci0-alkyl; Cj-Cio·* 
alkyl substituted by at least one substituent selected from the group 
consisting of Cl-C4-alkoxy, Ci-Ci-alkylthio, Cr-Cs-alkanoyloxy, bonzyloxy 
and Cj-Cy-cycloalkyl; Cj-Cy-cyclealkyl; phenyl; benzyl; or a radical 
selected from the group consisting of phenyl and benzyl, which radical is
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substituted by at least one substituent selected from the group con­
sisting of halogen, Ci-Cj-alkyl, Ci~C3-haloalkyl, C1-C3-alkoxy, C1-C3- 
haloalkoxy and Ci~C3~alkylthio.

Group II: Compounds of formula I in which X represents -CH(ORi)- and Ri 
represents hydrogen or -Si(Rs)(RG)(R7); wherein Rs, Re and R7 , inde­
pendently of one another, represent Cj-Cf,-alkyl; Rg represents methyl, 
ethyl, isopropyl or sec,-butyl; and Rj represents hydrogen; Ci-Cio-alkyl; 
G1-C1 Q-alky.l substituted by at least one substituent selected from the 
group consisting of halogen, Cj-Cc^alkoxy, Cg-Cg-alkoxyalkuXy, C3-C9- 
alkoxyalkoxyalkoxy, Gr-Ce-alkylthio, C3-C7-cycloalkyl, hydroxy and 
Ci-Gfi-alkanoyloxy, it being possible for each of the above-mentioned 
radicals representing ή containing an alkoxy group to be terminally 
substituted at a terminal alkoxy group by hydroxy, halogen, Cj-CG-acyl or 
by Ci-CG-acyloxy; Ca-C7-cycloalkyl; C3-G7-cycloalkyl substituted by at 
least one substituent selected from the group consisting of halogen and 
Ci-Cj-alkyl; C3-C7-cycloalkenyl; Ca-Cm-alkenyl; Cg-Cio-alkynyl; a 
radical selected from the group consisting of Cg-Cio-alkenyl and Cg-Cio- 
alkynyl, which radical is substituted by halogen, Gj-Cg-alkoxy or by 
Ci-Cc-acyloxy; 1-adamanfcylmethyl; menthyl; carveyl; phenyl; benzyl; 
naphthyl; or a radical selected from the group consisting of phenyl, 
benzyl and naphthyl, which radical is substituted by at least one sub­
stituent selected from the group consisting of halogen, Ci-Cj-alkyl, 
Ci-C3-haloalkyl, C^-Cj-alkoxy, Ci-C3-haloalkoxy, Ci-Cj-alkylthio, nitro 
and cyano.

Group lm-: Compounds of formula I in which X represents -CH(ORi)- and Ri 
represents hydrogen, trimethylsilyl, tert.'*butyldimethylsilyi or thexyl- 
dimethylsilyl; Rg represents methyl, ethyl, isopropyl or sec.-butyl; and 
R3 represents hydrogen; Gi-Ci0-alkyl; Ci-Cio-alkyl substituted by at 
least one substituent selected from the group consisting of halogen, 
Ci-Co-alkoxy, Cg-GG-alkoxyalkoxy, Cj-Gg-alkoxyalkoXyalkoxy, Ci-GG-alkyl- 
thic, C3-C7-cycloalkyl, hydroxy and Ci-Ce-alkanoyloxy, it being possible 
for each of the above-mentioned radicals representing or containing an 
alkoxy group to be terminally substituted at a terminal alkoxy group by 
hydroxy, halogen, Ci-Gg-acyl or by Ci-CG-acyloxy; Ca-Ci-cycloalkyl; 
C3-C7-cycloalkyl substituted by at least one substituent selected from
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the group consisting of halogen and C^-Cj-alkyl; C2-C1o~alkenyl; C2-Cio- 
alkynyl; 1-adamantylmethyl; menthyl; catveyl; phenyl, benzyl; naphthyl; 
or a radical selected from the group consisting of phenyl and benzyl, 
which radical is substituted by at least one substituent selected from 
the group consisting of halogen, Ci-C3-alkyl, Ci-C3-haloalkyl, C1-C3- 
alkoxy, Ci-C3-haloalkoxy, Ci-C3-alkylthio, nitro and cyano.

Group In: Compounds of formula I in which X represents -CH(ORi)- in which 
Ri represents hydrogen or tert.-butyldimethylsilyl, or -C(=N-OH)~; R2 
represents methyl or preferably ethyl; and R3 represents
- hydrogen,
- Ci-Co-alkyl,
- Ci-Cs-alkyl that is substituted by from 1 to 3 halogen atoms, prefer­

ably chlorine or bromine atoms, or is monosubstituted by
- Ci-C3~alkoxy,
- Ca-Cc-alkoxy that is interrupted by an oxygen atom and is unsubstituted 

or is terminally monosubstituted at the terminal alkoxy group by 
hydroxy or by halogenated, preferably chlorinated, C3-C3~alkanoyloxy,

- Ci-C3-alkylthio,
- Ca-Cj-cycloalkyl or
- hydroxy,
- C2-Ci|-alkyl that is monosubstituted by unsubstituted or halogenated, 
preferably chlorinated, Cj-Ca-alkanoyl- oxy or by benzyloxy,

- C3-C7-cycloalkyl that is unsubstituted or mono- or di- substituted by
Ci-Cj-alkyl,

- 1<- idamantylmethyl,
- phenyl,
- benzyl that is unsubstituted, monoaubstituted by phenoxy or substituted 
by from 1 to 3 Ci-C3-alkoxy groups,

- «-methylbenzyl, or a
- heterocyclic radical selected from the group consisting of oxetanyl and 

furyl that is bonded via Ci-Cj-alkyl and is unsubstituted or is substi­
tuted by methyl.

ft -

1

Group Io: Compounds of formula I in which X represents -CH(ORi) and Ri
represents hydrogen op tert.-butyldimethylsilyl; Ra represents ethyl; and
R3 represents
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- hydrogen,
- Ci-Ca-alkyl,
- Ci-Cs-alkyl that is substituted by from 1 to 3 halogen atoms, prefer­

ably chlorine or bromine atoms, or is monosubstituted by
- Ci-Cj-alkoxy,
- Cs-Ct-alkoxy that is interrupted by an oxygen atom and is unsubstituted 

or is terminally monosubstituted at the terminal alkoxy group by 
hydroxy or by halogenated, preferably chlorinated, Ci-C3-alkanoyloxy,

- Ci-C3-alkylthio,
- C3-C7-cycloalkyl, or
- hydroxy,
- ethyl that is monosubstituted by acetoxy, chloro- acetoxy or by benzyl­

oxy,
- C3-C7~cycloalkyl that is unsubstituted or is mono- or di-substituted by 

Cj-C3~alkyl,
- 1-adamantylrnethyl,
- phenyl,
- benzyl that is unsubstituted, monosubstituted by phenoxy or substituted 

by from. 1 to 3 Ci-C3-alkoxy groups,
- a-methylbenzyl, or a
- heterocyclic radical selected from the group consisting of oxetanyl and 

furyl that is bonded via Ci-Cj-alkyl and is unsubstituted or substi­
tuted by methyl.

Group Ip; Compounds of formula I in which X represents -CH(ORi)- and Ri 
represents hydrogen or tert.-butyldimethylsilyl; Rs represents ethyl; and 
R3 represents hydrogen, Ci-Ca-alkyl, 2,2,2-tribromoethyli 2,2-bis(chloro­
methyl) -propyl, 3-chloro-2,2-dimethylpropyl, 2-ethoxyethyl, 2-(2'methoxy- 
ethoxy)-ethyl, 2-[2-(2-hydroxyethoxy)-ethoxy)-ethyl, 2-{2-[(2-chloro- 
acetoxy)-ethoxy]-ethoxy}-ethyl, 2-mbthylthioebhyl, cyclobutylmethy1, 
cyclohexylmethyl, 2-.hydroxyethyl, benzyloxyethyl, 2-acetoxyethyl, 
2-(chloroacetoxy)-ethyl, cyclopentyl, cyclohexyl, cycloheptyl, 2-methyl- 
6-isopropylcyclohexyl, V-adarnantylmethyl, phenyl, benzyl, 3-phenoxy- 
benzyl, 3,4-dimethoxybenzyl, a-methylbenzyl, (3-methyloxetan-3-yl)-methyl 
or furfuryl.
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Group Iq: Compounds of formula I in which X represents -CH(ORi)- and Ri 
represents hydrogen or tert.-butyldimethylsilyl; R2 represents ethyl; and 
R3 represents
- Ci-Cs-alkyl,
- Cs-Cij-alkyl that is substituted by from 1 to 3 halogen atoms, espec­

ially bromine atoms, or is monosubstituted by
~ Ci-Ca-alkoxy,
- Cg-Cc-alkoxy that is interrupted by an oxygen atom and is unsubstituted 

or is terminally monosubstituted at the terminal alkoxy group by 
hydroxy or by halogenated, especially chlorinated, Ci~C3~alkanoyl,

- Ci-C3-alkylthio, or
- hydroxy,
- 2-acetoxyethyl,
- cyclohexyl that is unsubstituted or mono- or di- substituted by Cj-Ca- 
alkyl,

- 1-adamantylmethyl,
- benzyl, or a
- heterocyclic radical selected from fhe group consisting of oxeta.iyl and 

furyl that is bonded via Ci-C3~alkyl and is unsubstituted or substi­
tuted by methyl-

Group Ir; Compounds of formula I in which X represents -GHiORj)- and Ri 
represents hydrogen or tert.-butyldimethylsilyl; R2 represents ethyl; and 
R3 represents Ci-Cj-alkyl, 2,2,2-tribromoethyl, 2-ethoxyethyl, 
2-(2-methoxyethoxy)-ethyl, 2-(2-(2-hydroxye thoxy)-ethoxy]-ethyl, 
2-{2-[ (2-chloroacetoxy)-etboxy]-ethoxy}-ethyl, 2-methylthioethyl, 
2-hydroxvethyl, 2-acetoxyethyl, cyclohexyl, 2-methyl-6-isopropylcyclo- 
hexyl, 1-adamantylmethyl, benzyl, (3-methyloxetan-3-yl)-methyl or fur­
furyl.

Group Is: Compounds of formula I in which X represents -CH(ORi)- and Ri 
represents hydrogen; R2 represents ethyl; and Rj represents Gif-Cs-alkyl, 
Cti-Cfi-cycloalkyl, Ci|-C6-cycloalkyl bonded via methyl, or phenyl, benzyl 
or 01-methylbenzyl. Representatives of this group that are of Special 
interest are: milbemycin Ai,-13-spiro-2‘-[5'-(2"-methylbutoxy)-tetrahydro- 
furan] and milbemycin Ai,-13-splro-2'-[5'-(l<*-methylpropoxy)-tetrahydro- 

furan.
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Group It: Compounds of formula I in which X represents -C(=N-OH)-; Ra 
represents methyl or preferably ethyl; and R3 represents Ci-Cj-alky.l·, 
Ci-C3-alkyl that is substituted by Ci-C3-alkoxy, or C3-C7-cycloalkyl.

Within groups la to Im, those representatives of formula I in which R2 
represents methyl or ethyl, especially ethyl, are preferred.

Preferred individual substances of formula 1 are, for example:

9 
0 9

ft ft 
ft ft

a

e © 0 © 
ft 0

9 ft « σ

ft © 9 
« a ft 
ft « « 9

00 © β
Oft ® 
ο ©

• « « « < « • ft

Ai|-13-spiro-2' - { 5' - (2"-ethoxyethoxy)-tetrahydrofuran], 
Ai|-13-spiro-2'-[5'-(2"1 2 "-dime thy lpr epoxy )-tetxinydrofuran], 
Ai(-13-spiro-2 ' -[5' -cyclohexyloxytetriihydrofuran], 
Ai|-13-spiro-2'-[5'-benzyloxytetrahydrofuran],
At,-13-spiro-25' -{2"-(2" ' -methoxyethoxy)-ethoxy]-tetrahydro-

Ai,-13-spirp-2 '-[5 '-{2"-( 2" ’-(hydroxymethoxy)-ethoxy)-ethoxy}-

♦ ft *
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ft ft ft
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milbemycin 
milbemycin 
milbemycin 
milbemycin 
milbemycin 
furan], 
milbemycin
tetrahydtofuran], 
milbemycin Ai|-13-spiro-2'-[5 '-{2"-(2" '-(2"''-( chloroacet oxy)-ethoxy)- 
ethoxy)-ethoxy}-tetrahydrofuran],
milbemycin Ai,-13-spiro-2 '-[ 5 '-“-methoxytetrahydrofuran], and 
milbemycin Ai)-13-spiro-2l-[5'-(2"-hydroxyethoxy)-tetrahydrofuran].
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Other individual substances that are worthy of mention are: 
milbemycin Ai|-13~spiro-2'-[5'-(2"-methOxybutoxy)-tetrahydrofuran], and 
milbemycin Ah“13-spiro-25’-(l"-methylpropoxy)-tetrahydrofurah].

Likewise, the analogous representatives of formula I that are protected 
in the 5-position by a 5-0-tert.-butyldimethylsilyl group are also pre­
ferred.

The present invention relates also to processes that enable an 
additional, spiro-iinked tetrahydrofuran ring to be introduced specifi­
cally into the 13-pOsitlon of derivatives of milbemycin, 13-deoxy-22,23- 
dihydro-avermectin-aglycone or 23-deoxy-antibiotics S541 in order thus to 
obtain highly active novel parasiticides of formula I. The invention 
relates also to Intermediates obtainable according to the processes.
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Formula I includes the compounds of the formulae la, lb and Ic:
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in which Ri, and R3 have the meanings given for formula I and which 
can be prepared according to the methods described below.
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The preparation of the oximes [X = -C(=N-OH)-] within the scope of for­
mula I, and therefore of the compounds of formula la, is effected by 
reacting a derivative of formula lb with hydroxylamine or a salt thereof, 
preferably a mineral acid salt thereof, especially the hydrochloride. The 
reaction is advantageously carried out in a suitable solvent, for example 
a lower alkanol, such as methanol, ethanol, propanol; an ethereal com­
pound, such as tetrahydro furan or dioxan; an aliphatic carboxylic acid, 
such as acetic acid or propionic acid; in water or in mixtures of these 
solvents with one another or with other customary inert solvents. The 
reaction temperatures may vary within wide ranges. The reaction is ad­
vantageously carried out, for example, within a range of from +0°C to 
+100°C. If hydroxylamine is used in the form of one of its salts, for 
example in hydrochloride form, it is advantageous if, to bind the acid 
(for example HC1), one of the bases customary for such purposes is added 
and the operation is optionally carried out in the presence of a water 
binder, for example a molecular sieve. Suitable bases are organic and 
inorganic bases, for example tertiary amines such as trialkylamines 
(trimethylamine, triethylamine, tripropylamine etc.), pyridine and 
pyridine bases (4-dimethylaminopyridine, 4-pyrrolidylaminopyridine etc.), 
oxides, hydrides and hydroxides, carbonates and hydrogen carbonates of 
alkali metals and alkaline earth metals (CaO, BaO, NaOH, KOH, NaH, 
Ca(0H)2, KHCOa, NaHCOj, Ca(HCO3)2, K2CO3, Na2CO3), and also alkali metal 
acetates, such as CH3C00Na or CII3COOK. Furthermore, alkali metal 
alcoholates, such as CaHgONa, n-C3HyONa etc., are also suitable. Tri­
ethylamine is preferred. The oximation is most advantageously carried out 
with hydroxylamine hydrochloride in pyridine.

The derivatives of formula lb can be prepared from the corresponding free 
5-hydroxy derivatives of formula Ic by mild oxidation, for example with 
brownstone (MnO2), CrO3/pyridine or by Oppenauer oxidation. The reaction 
can be carried out in a solvent, such ast for example, a representative 
of the ethereal compounds or of the halogenated hydrocarbons or in 
mixtures of these compounds with one another, but especially advanta­
geously in dichloromethane.



J

I

- 19 ·

To prepare compounds of formula Ic, the process according to the in­
vention is as follows: a compound of formula II is reacted in the 
presence of an acid catalyst in an inert solvent with a compound of for­
mula III:
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in which the substituents Ri,

(Ic)

Ra and R3 have the meanings given undwr
formula I and Riq and Rll, independently of one another, represent Ci-Cq- 
alkyl or form a C2-Ci p-alkylene bridge, and, if desired, the resulting 
compound of formula Ic
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in Which Ri, R2 and R3 kave the meanings given for formula I, is con­
verted by mild oxidation into a corresp ing compound of formula lb

i.
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(lb)

CH 3

in which R2 and R3 have the meanings given for formula Ic, and, if 
desired, the compound of formula lb is converted by reaction with 
hydroxylamine or a salt thereof into the corresponding compound of for­
mula la 

• «» 
< * a
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* oo 
to o

* n »

(la)

« < a o 
t a o
♦ ® in which R2 and R3 have the meanings given for formula lb.

The compounds of formula II are novel and have the character O'f inter­
mediates. Their structure makes them especially suitable for the pre­
paration of active ingredients of formula I. The compounds of formula II 
therefore form part of the present invention. For the preparation of 
process products according to the Invention it is preferable to use those 
starting materials of formula II which result in the compoundsj espec­
ially the individual compounds of the formula It described above as being 
especially preferred.

The reaction for the preparation of compounds of formula Ic is generally 
carried out at temperatures of from -30°C to +70°C, preferably from -10°C 
to +50°C. The reaction is advantageously carried out in the presence of
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an inert solvent or solvent mixture. Suitable solvents for this purpose 
are, for .ample, aliphatic and aromatic hydrocarbons such as benzene, 
toluene, xylenes, petroleum other, hexane; halogenated hydrocarbons such 
as chlorobenzene, methylene chloride, ethylene chloride, chloroform, 
carbon tetrachloride, tetrachloroethylene; ether and ethereal compounds 
such as dialkyl ethers (diethyl ether,, diisopropyl ether, tert.-butyl- 
metb,l ether etc.), anisole, dioxan, tetrahydrofuran; and mixtures of 
such solvents with one another.

k
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The compound of formula III is generally used in excess. The compounds of 
formula III are known or can be prepared analogously to known processes.

Suitable acid catalysts are, for example, carboxylic acids such as oxalic 
acid and especially sulphonic acids such as methanesulphonic acid, 
p-toluenesulphonic acid, camphor-10-sulphonic acid and salts, thereof with 
tert.-amines, such as, for example, pyridinium p-toluenesulphonate.

Compounds of formula Ic are obtained in the form of mixtures of epimers 
in respect of C5'. The pure epimers can be obtained therefrom by means of 
a physical separation operation. Suitable physical, separation operations 
are, for example, column chromatography, flash chromatography, thick­
layer chromatography, HPLC and fractional crystallisation.

Compounds of formula Ic can, however, also be prepared from other com­
pounds of formula Ic by suitable reactions

The preparation of compounds of formula II likewise forms part of the 
present invention and is effected by reacting a compound of formula IV in 
an inert solvent with a Grignard reagent of formula V:

Λ

ί
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(II)

in which Rg has the definition given under formula I, Rio and Rii, in­
dependently of one another, represent Ci-Cs-alkyl or together form a 
Cg-Cio-alkylene bridge, and Ria represents hydrogen or a silyl group as 
indicated, for example, under formula I.
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The reaction is generally carried out at temperatures of from -80° to 
+709C, preferably from -50° to +509C, The reaction is advantageously 
carried out in the presence of an inert solvent or solvent mixture. 
Suitable solvents for this purpose are, for example, aliphatic and 
aromatic hydrocarbons such as benzene, toluene, xylenes, petroleum 
ether, hexane; ether and ethereal compounds such as dialkyl ethers 
(diethyl ether, diisopropyl ether, tert.-butylmethyl ether etc.), 
anisole, dioxan, tetrahydrofuran; and mixtures of such solvents with one 
another.
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The Grignard reagents of formula V can be obtained in solution by 
reaction of the corresponding bromides with magnesium in one of the 
above-mentioned solvents and can be used further directly without it 
being necessary to isolate and purify them beforehand.

The compounds <jf formula IV are known or can be prepared analogously to 
known methods. For example, compounds of formula IV can be prepared 
according to the process described in EP 180 539 and EP 184 989, or 
analogously thereto, as follows: in a first step, compounds of formula VI

.
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in which R2 has the definition given for formula I and Ria has the 
definition given far formula IV, are converted with peracids into the 
14,15-epoxides of formula VII:

peracid
CH 3

Step 1
(VII)

and the 14,15-epoxides of formula VII are then reacted with the aid of a 
special complex reagent to form 15-hydroxy compounds of formula VIII:

Step 2

<pH3

/A
I 15

(VID

[HN'i )^/(Al(ethyl) 3

'η and n, independently of 
one another “ 1, 2 or 
between 1 and 2

9H3

(VIII)

4

In a further step, the 15-hydroxy compounds of formula VIII are then 
reacted with chromate, halochromate or dichromate ions, especially with 
pyridinium dichromate, the starting compound of formula VIII preferably 
being a compound in which the 5-OH group is protected and can be, for 
example, in the fotm of a S-silyloxy group:

ri

L



Step 3

there also being formed, in addition to the desired 13-hydroxymilbemycins 
of formula IX, 13-οχΰ compounds which can be separated from one another 
by knowri methods.
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The majority of the described reactions are advantageously carried out 
under a protective gas, such as, for example, nitrogen or argon.

The compounds of formula VI are known or can be prepared from the known 
compounds analogously to known processes.

The 13-oxo derivatives of formula IV can be obtained from the 13B-hydroxy 
derivatives of formula IX by oxidation with dimethyl sulphoxide (DMSO)/ 
oxalyl chloride. The reaction is preferably carried out at temperatures 
of from -60°c to room tempenature» Suitable solvents are DMSO itself and 
also aromatic hydrocarbons such as benaene, toluene, xylenes and 
chlorinated hydrocarbons, such as» for example, dichlononiethane» The 
operation is preferably carried out with the addition of a base, such as, 
for example, triethylamine.

The known compounds include milbemycins of formula Ms

QHa >·, .CHaΑ/ΨΥ Ϊ
A / / w«Ms i Y

A<• · ·
A_ _ ! η

(M)

L
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R = CII3, a = -£H- = milbemycin A3 from US”Rd 3,350360

R = CsH5, a = -CH- = milbemycin Ai( from US-PS 33SG360
0H

R = isoCsH?, a = -CH- - milbemycin D from US-PS 4,346,171
6h

R = sek.CbHg, a = - 13-deoxy-22,23-dihydro-C~076-Bla-a?1l)'cone
■ from US-PS 4,173,571.
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Compounds in which R represents sec,-butyl shall here and hereinafter 
also be considered as milbemycin derivatives although according to 
conventional classification they are derived from avermectin derivatives, 
Avermectin-aglycones (with an OH group in the 13-position) can, however, 
be converted into milbemycin homologues in accordance with
US-PS 4 173 571,

The constitution of natural antibiotics S541 is known from
DE-OS 35 32 794 and is as follows:
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(antibiotics S541)

1 *A

Factor A A^isoGjII?
*

Rt“H
Factor B A*=Cll3 ft

Ri^CHa
Factor C A*«CHj R1=H
Factor D Α**α2Η5 Rt*H
Factor E A*«CaHs R*»CHa

Factor F A^isoCjH? Λ
R1«CH3

In order to simplify the nomenclature, hereinafter the derivatives of
antibiotic S541 are classified according to these factors as derivatives
of S541A, S541B, S541C, S541D, S541E and S541F.
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Compounds of formula VI in which R2 represents the group -C=CH-A and
CH3

A has the meaning given for formula VI, which can be used as starting 
materials in the process according to the invention, can be produced in a 
manner known per se from the natural antibiotics S541.

The hydroxy group In the 23-position in antibiotics S541 can be removed 
analogously to the method described in US-PS 4 328 335, and the 
antibiotics S541 can thus be converted into the corresponding 23-deoxy 
derivatives, Those compounds having a free 5-QH group (Ri=H) must first 
be protected selectively by reaction with one of the silylation reagents 

s Y-Si(Rs)(Rg)fR?) indicated hereinafter or with tert.-butyldimethylsilyl-
9 $ Q' ·· oxyacetyl chloride. The reaction of those protected compounds in which

R* has been replaced by Si(Rs)(RG)(R?) or C(=O)CH2OSi(CH3)2t-Ci|H9 and

• the 23-C atom has been subs- tituted by OH, with p-methylphenyl-chloro-
J',00, thionoformate yields derivatives of antibiotics 8541 that are substituted 

, at the 23-posltion by p-CH3-C6lk~O-C(=S)-O. These 23-0-(4-methylphenoxy)~
* ‘ thiocarbonyl derivatives of antibiotics S541 are then reduced with tri­

butyltin hydride In toluene in the presence of azoblsisobutyronitrile at
,from 80°C to 120°C to form the corresponding 23-deoxy derivatives
» ι, (position 23 unsubstituted).
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Silylat:.on or acylation of the 5-OH group is used to produce all those 
derivatives of formulae I, II and IV in which Ri has a meaning other than 
hydrogen (Rj OH-protectlng group). For silylation it is advantageous to 

use a silane of the formula Y-Si(Rs)(Rg)(R/) in which Rs, Rg and Ry, 
preferably independently of one another, represent Ci-Cc-alkyl, benzyl or 
phenyl and, together with the silicon atom, form, for example, one of the 
groups trimethylsilyl, tris(tert.-butyl)silyl, thexyldlmethylsilyl, 
diphenyl-tert.-butylsilyl, bls(isopropyl)methylsilyl, trlphenylsilyl and 
especially tert.-butyldimethylsilyl. Y represents a silyl-leavlng group 
which includes, for example, bromine, chlorine, cyano, azido, acetamide, 
trifluoroacetoxy and trifluoromethane- sulphonyloxy. This list does not 
constitute a limitation; the person skilled in the art will know of other 
typical silyl-loaving group*.. The 5-OH group can also be in benzyl ether 
or methoxyethoxymethyl ether form.
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The introduction of the acyl group ίc customarily effected using the 
corresponding acyl halides or acyl anhydrides and is preferably used to 
introduce the Ri,-G(O) group defined at the beginning. Of the acyl 
halides, the chlorides and bromides are preferred.

5-0-silylations and 5-0-acylations are carried out in an anhydrous 
medium, preferably in inert solvents and more especially in aprotic 
solvents. The reaction is advantageously carried out in a temperature 
range of from 0°C to +80°C, preferably from +10° to +40°C. Preferably, an 
organic base is added. Suitable bases are, for example, tertiary amines, 
such as triethylamine, triethylenediamine, triazole and preferably 

·« < pyridine, imidazole or l,8-diazabicyclo[5.4.0]undec-7-ene (DBU).
♦■ft#.·

• · e o• ·
’*·* The removal of these silyl radicals Ri in the 5-position is effected by

< «·

’♦· »* selective mild hydrolysis (-> Ri=H) with, for example, arylsulphonic acid
* * ,» in alcoholic solution, HF in acetonitrile, HFx.pyridine in tetrahydro-
, .,,: furan or according to another method known to the person skilled in the

art.

All the steps included in the described precess for the preparation of 
■*·“< compounds of formula I form part of the present invention.

t 4 *

The compounds of formula I are excellently suitable for controlling pests 
of aiuwals and plants, including ectoparasites of animals. These last- 
mentioned pests comprise those of the order Acarina, in particular pests 
of the families Ixodidae, Dermanyssidae, Sarcoptidae, Psoroptidae; of the 
orders Mallophaga, Siphonaptera, Anoplura (e.g, family of the 
Haemotopinidae); and of the order Diptera, in particular pests of the 
families Muscidae, Calliphoridaet Oestridae, Tabanidae, Hipnoboscidae and 
Gastrophilidae.

The compounds of formula x can also be used to combat hygiene pests,
especially of the order Diptera (families Sarcophagidae, Anophilidae and
Culicidae); of the order Orthoptera, of the order Dictyoptera (e.g.
family of the Blattidae), and of the order Hymenoptera (e.g. family of
the Formicidae).
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The compounds of formula I also have a lasting action against mites and 
insects that are parasites of plants. When used to control spider mites 
of the ord°r Acarina, they are effective against eggs, nymphs and adults 
of Tetranyehidae (Tetranychus spp. and Panonychus spp.).

They also have excellent activity against sucking insects of the order 
Homoptera, in particular against pests of the families Aphididae, 
Delphacidae, Cicadellidae, Psyllidae, Coccidae, Diaspididae and 
Eriophydidae (e.g. the rust mite on citrus fruit); of the orders 
Hemiptera, Heteroptera and Thysanoptera; and against plant-feeding 
insects of the orders Lepidoptera, Coleoptera, Diptera and Orthoptera.

«© «
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D © ftββοο They are also suitable as soil insecticides against soil pests.
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°e? .* The compounds of formula I are therefore effective against all develop-
«°· ’· mental stages of sucking and feeding insects in crops of useful plants,

such as cereals, cotton, rice, maize, soybeans, potatoes, vegetables,
o a

fruits, tobacco, hops, citrus fruit, avocados and others.
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The compounds of formula I are also effective against plant nematodes of 
the species Meloidogyne, deterodera, Pratylenchus, Ditylenchus, 
Radopholus, Rhizoglyphus and others.

o o o e 
© « © 
0 ©

The compounds are also effective against helminths in all developmental 
stages, and among these the endoparasitic nematodes which can be the 
cause of severe diseases in mammals and fowl, for example in sheep, pigs, 
goats., cattle, horses, donkeys, dogs, cats, guinea pigs and cage-birds. 
Typical nematodes having this indication are: Haemonchus, 
Trichostrongylus, Ostertagia, Nematodirus, Cooperia, Ascaris, Bunostomum, 
OeSophagostomUm, Chabertia, Trichuris, StrongylUs, Trichohema, 
Dictyocaulus, Capillaria, Heterakis, Toxocara, Ascaridia, Oxyupis, 
Ancylostoma, Uncinaria, ToXascaris and Parascaris. The particular 
advantage of the compounds of formula T is their activity against those 
parasites which are resistant to benzimidazole-base, u 'nsiticides.

f
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. ίCertain species of the genera Nematodirus, Cooperia and Oesophagostomum )
attack the intestinal tract of the host animal, whereas others of the 
species Haemonchus and Ostertagia parasiticise the stomach, and those of 
the species Dictyocaulus parasiticise the lung tissue. Parasites of the 
families Filariidae and Setariidae are found in the internal cell tissue
and organs, e.g. in the heart, blood vessels, lymph vessels and in 
subcutaneous tissue. In this connection, particular mention is to be made .
of the dog heartworm, Dirofilaria immitis. The compounds of formula I are 
highly effective against these parasites.
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The compounds of formula I are also suitable for controlling pathogenic 
parasites in humans, among which parasites there may be mentioned as 
typical representatives occurring in the alimentary tract those of the 
species Ancylostoma, Necator, Ascaris, Strongyloides, Trichinella, 
Capillaria, Trichuris and Enterobius. The compounds of this invention are 
also effective against parasites of the species Wuchereria, Brugia, 
Onchocerca and Loa of the family of the Filariidae, which occur in the 
blood, in tissue and various organs, and, in addition, against 
Dracunculus and parasites of the species Strongyloides and Trichinella 
which infest iri particular the gastro-intestinal tract.

The compounds of formula I are used in unmodified form, or preferably 
together with the adjuvants conventionally employed in the art of 
formulation, and can therefore be formulated in known manner, for example 
to emulsifiable concentrates, directly sprayable or dilutable solutions, 
dilute emulsions, wettable powders, soluble powders, dusts, granulates, 
and also encapsulations in, for example, polymer substances. As with the 
compositions, the methods of application, such as spraying, atomising, 
dusting, scattering or pouring, are chosen in accordance with the 
intended objectives and the prevailing circumstances.

The compounds of formula I are administered to warm-blooded animals in 
doses of from 0.01 to 10 mg/kg body weight, In the case of enclosed areas 
they are advantageously applied ac rates of from 10 g to 1000 g per 
hectare· They are also used in stables, pens, stalls or other areas.
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The formulations, i.e. the compositions, preparations or mixtures 
containing the active ingredient of formula I are prepared in known 
manner, for example by homogeneously mixing and/or grinding the active 
ingredients with extenders, for example solvents, solid carriers and, in 
some caries, surface-active compounds (surfactants).

ο O 6 
t ® β

q a 9

6 6 5 4 
O &

G Q 9 ft?

9 i 9 
G O C 
β » 0 o

ft 5 ί> O 
0 9 9
• 9

4 
i I I

< 4

< ♦ 4
« » 9

t 9 9

f 8 9
t ' t 9
t 4 9

i 4 9 β
« « 8
< <

i I 4 4
4 <

< 9

U 4 
« « 4

4 M

Suitable solvents are: aromatic hydrocarbons, preferably the fractions 
containing 8 to 12 carbon atoms, for example xylene mixtures or sub­
stituted naphthalenes, phthalates such as dibutyl phthalate or dioctyl 
phthalate, aliphatic hydrocarbons sudh as cyclohexane or paraffins, 
alcohols, and glycols and their ethers and esters, such as ethanol, 
ethylene glycol, ethylene glycol monomethyl or monoethyl ether, ketones 
such as cyclohexanone, strongly polar solvents such as N-methyl-2- 
pyrrolidone, dimethyl sulphoxide or dimethylformamide, as well as 
vegetable oils or epoxidised vegetable oils such as epoxidised coconut 
oil or soybean oil; or water.

The solid carriers used, for example for dusts and dispersible powders, 
are normally natural mineral fillers such as calcite, talcum, kaolin, 
montmorillonite or attapulgite. In order to improve the physical proper­
ties it is also possible to add highly dispersed silicic acids or highly 
dispersed absorbent polymers. Suitable granulated adsorptive carriers are 
porous types, for example pumice, broken brick, sepiolite or bentonite; 
and suitable nonsorbent carriers are materials such as calcite or sand, 
In addition a great number of granulated materials of Inorganic or 
organic nature can be used, for example especially dolomite or pulverised 
plant residues.

Depending upon the nature of the active ingredient to be formulated, 
suitable surface-active compounds are non-ionic, cationic and/or anionic 
surfactants having good emulsifying, dispersing and wetting properties. 
The term "surfactants" will also be understood as comprising mixtures of 
surfactants.

Suitable anionic surfactants can be both so-called water-soluble soaps 
and water-soluble synthetic surface-active compounds.
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* Suitable soaps are the alkali metal salts, alkaline earth metal salts or |

unsubstituted or substituted ammonium salts of higher fatty acids ■
(Cio-Caa), for example the sodium or potassium salts of oleic or stearic
acid, or of natural fatty acid mixtures which can be obtained, for 
example, from coconut oil or tallow oil. Further suitable surfactants are 
also the fatty acid methyl taurin salts.

More frequently, however, so-called synthetic surfactants are used, 
especially fatty sulphonates, fatty sulphates, sulphonated benzimidazole 
derivatives or alkylarylsulphonates.
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The fatty sulphonates or sulphates are usually in the form of alkali 
metal salts, alkaline earth metal salts or unsubstituted or substituted 
ammonium salts and generally contain a Co-C..-alkyl radical which also 
includes the alkyl moiety of acyl radicals, for example the sodium or 
calcium salt of lignosulphonic acid, of dodecylsulphate, or of a mixture 
or fatty alcohol sulphates obtained from natural fatty acids. These com­
pounds also comprise the salts of sulphated and sulphonated fatty 
alcohol/ethylene oxide adducts. The sulphonated benzimidazole derivatives 
preferably contain 2 sulphonic acid groups and one fatty acid radical 
containing 8 to 22 carbon atoms, Examples of alkylarylsulphonates are the 
sodium, calcium or triethanolamine salts of dodecylbenzenesulphonic acid, 
dibutylnaphthalenesulphonic acid, or of a condensate of naphthalenesul- 
phonic acid and formaldehyde.

Also suitable are corresponding phosphates, for example salts of the 
phosphoric acid ester of an adduct of p-nonylphenol with 4 to 14 moles of 
ethylene oxide, or phospholipids.

Non-ionic surfactants are preferably polyglycol ether derivatives of 
aliphatic or cycloaliphatic alcohols, or saturated or unsaturated fatty 
acids and alkylphenols, said derivatives containing 3 to 30 glycol ether 
groups and 8 to 20 carbon atoms in the (aliphatic) hydrocarbon moiety and 
6 to x3 carbon atoms in the alkyl moiety of the alkylphenols.
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Further suitable non-ionic surfactants are the water-soluble adducts of 
polyethylene oxide with polypropylene glycol, ethylenediaminopolypropyl­
ene glycol and alkylpolypropylene glycol containing 1 to 10 carbon atoms 
in the alkyl chain, which adducts contain 20 to 250 ethylene glycol ether 
groups and 10 to 100 propylene glycol ether groups These compounds 
usually contain 1 to 5 ethylene glycol units per propylene glycol unit.

Examples of non-ionic surfactants are nonylphenolpolyethoxyethanols, 
castor oil polyglycol ethers, polypropylene/polyethylene oxide adducts, 
tributylphenoxypolyethoxyethanol, polyethylene glycol and octylphenoxy- 
polyethoxyethanol.

Fatty acid esters of polyoxyethylene sorbitan, for example polyoxy-
ό Oft

ft ft «Τ»
&

«»« a <■>

ft a <
a e 9
A»» c

0 9 '4 ft
ft© ft
ft ft

a

® ft

ethylene sorbitan trioleate, are also suitable ηοη-ionic surfactants.

Cationic surfactants are preferably quaternary ammonium salts which 
contain, as N-substituent, at least one Ca-Czaalkyl radical and, as 
further substituents, unsubstituted or halogenated lower alkyl, benzyl or 
hydroxy-lower alkyl radicals. The salts are preferably in. the form of

ft ©ft 
ft ft c

ft Λ ft

© ft

halides, methylsulphates or ethylsulphates, for example stearyltrimethyl- 
ammonium chloride or benzyldi(2~chloroethyl)ethylammonium bromide.

V » ft

ft« nd 
« ft G
« ft

The surfactants customarily employed in the art of formulation are 
described, inter alia, in the following publication:

ft© «© 
ft ft ft
O ft

Oft ft
ft a ft

c

"1986 International McCutcheon's Emulsifiers and Detergents", 
The Manufacturing Confectioner Publishing Co,, Glen Rock, 
New Jersey, USA.

The pesticidal compositions usually contain 0*01 to 95 %, preferably 0.1 
to 80 %, of active ingredient of formula I, 5 to 99.99 % of a solid or 
liquid adjuvant, and 0 to 25 %, preferably 0.1 to 25 %, of a surfactant.

Whereas commercial products are preferably formulated as concentrates, 
the end user will normally employ diluted formulations containing from 1 
to 10,000 ppm of active ingredient.
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The present invention therefore relates also to pesticidal compositions 
that contain in addition to customary carriers and/or dispersion agents 
at least one compound of formula I as active ingredient.

The compositions may also contain further ingredients, such as stabi­
lisers, antifoams, viscosity regulators, binders and tackifiers, as well 
as fertilisers or other active ingredients in order to obtain special 
effects.

Preparation examples
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Preparation of intermediates

Al. Preparation of 5-0-tert.-butyldime.thylsilyl-13β-[ 2-( 1,3-dioxolan-2- 
yl)-ethyl]-13n-hydroxy-milbemycin Ait

A solution of 2.40 ml of 2~(2-bronioethyl)-l, 3-dioxolan in 10 ml of THE 
were added within a period of 2 1/2 hours at 40r'C to a suspension of 
650 mg of magnesium chips in 20 ml of tetrahydrofuran (THF). In order to 
initiate the formation of the Grignard reagent, a few crystals of iodine 
were added at the beginning of the reaction. The reaction mixture was 
then stirred for a further 30 minutes at 40°C under an argon atmosphere 
and then decanted. There was thus obtained a 0.2N solution of 2-(1,3- 
dioxolan-2-yl)-ethylmagnesium bromide in THF.

A solution of 1.006 g of 5-0-tert.-butyldimethylsilyl-l3-oxo-milbemycin 
in 8 ml of THF was cooled to -15°C and then 17.0 ml of the 0.2M 

solution of 2-( 1,3-dioxolan-2-yl)-ethylmagnesium bromide in THF were 
added within a period of 30 minutes. After stirring for 30 minutes at 
-15°G, 5 ml of saturated NHi(Cl solution were carefully adned and then the 
reaction mixturi was poured onto 100 ml of saturated NaHCOj solution and 
extracted three times with 150 ml of ether. The organic phases were 
washed with 100 ml of saturated NaCl solution, dried with MgSOh and 
concentrated by evaporation. Chromatography of the crude product on 
silica gel with hexane/dimethoxyethane 6:1 yielded, in addition to 87 mg 
(8 7o) of the C( 13)-epimer, 969 mg (84 %) of product.

• i

r
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+Mass spectrum (MS): m/e: 772 (Μ , Οι^ΗεοΟχο^ι)
‘H-NMR (300 MHz, CDG13):
3.05 ppm (dt, = 2.5, Jfc = 9) (C25H)
4.42 ppm (bs, wf = 11) (G5H)
4.85 ppm (t, J = 3) (0CH(CH2)O)

A2. Preparation of 13β-[2-(1,3-dioxolan-2-yl)-ethyl]-l3a-hydroxy- 

milbemycin At,
A solution of 40 mg of 5-O-tert.-butyldimethylsilyl-13g-[2-(l,3-dioxolan- 
2-yl)-ethyl]-13a-hydroxy-milbemycin At, in 1 ml of a HF^’pyridine/THF 
solution (prepared from 6.5 ml of HF^’pyridine, 15.7 ml of pyridine and 
50 ml of THF) was stirred at room temperature for 18 hours. The reaction 
mixture was then poured onto 50 ml of saturated NaHCOa solution and
extracted with 100 ml of diethyl ether. The organic phase was washed with 
50 ml of saturated NaCl solution, dried with MgSOi, and concentrated by
evaporation. After chromatography of the crude product on silica gel with
hexane/ethyl acetate 1:1, 27 mg (79 %) of product were obtained.

«

t 4 4 
ft O Q

O ¢6

MS: (m/e): 658 (M+, CjyHsqOio)

1H-NMR (300 MHz, CDGI3);
3.07 ppm (dt, Jd = 2,5, Jfc = 9) (C25H)
4.28 ppm (t, J = 7) (C5H)
4.85 ppm (t, J = 4) (OCH(CH2)O)

• 0 0 
* e 4

* »

A3· Preparation of 5-0-tert.-butyldimethvisilvl-l3β-[2-(1,3-dioxolan-
2-yl)-ethyl]-l3«-hydroxy-milbemycin A3

ΐ

j

’*·’’· -1° a wanner analogous to that described in Example hl the title compound

is obtained from 420 mg of 5-0-tert.-butyldimethylsilyl-13-axo-milbemycin 
A3 and 7.0 ml of a 0.2M solution of 2-(1,3-dioxolan-2-yl)-ethylmagnesium 
bromide.
Mass spectrum (MS): (m/e): 758 (M+, Ci,aHecOioSi)

η
1 CE 
f ME
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, IA4. Preparation of 13β-[2-( 1,3-dioxolan-2-yl)-ethylJ~13a-hydroxy- I,
milbemycin A3

The title compound can be prepared analogously to Example A2 from 5-0- 
tert.-butyldimethylsilyl-13R-[2-(l,3- dioxolan-2-yl)-ethyl]-13oi~hydroxy- 

milbemycin A3.

Mass spectrum (MS): (m/e): 644 (M+, CseHsgOio)

Preparation of compounds of formula I
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Hl. Preparation of milbemycin Att-13-spiro-2 1-[ 5'-methoxvte trahydro- 
furan]

A solution of 50 mg of 5-0-tert.~butyldimethylsilyl-13B-[2-(l,3-dioxolan- 
2-yl)-ethyl)-13a-hydroxy-milbemycin Ai, in 1 ml of a 1 % solution of 
p-toluenesulphonic acid in methanol was stirred for 90 minutes at room 
temperature, The reaction mixture was then poured onto 50 ml of saturated 
NaHCOi solution and extracted with 100 ml of diethyl ether. The organic 
phase was washed with 50 ml of saturated NaCl solution, dried with MgSOi( 
and concentrated by evaporation. After chromatography of the crude 
product on silica gel with hexane/ethyl acetate 2:1, it was possible to 
isolate 35 mg (86 %) of product in the form of a mixture of epimers at 
C5' (iscmor A: isomer B approximately 3:1).
MS: (m/e): 628 (M+, CaeH^Og)

^-NMR (300 MHz, CDCla):
3.09 ppm (dt, = 2.5, Jfc = 9) (C2sH)
3.40* and 3.45 ppm (2s) (CH3O) 
4.03 and 4.12* ppm (2s) (OH) 
4.29 ppm (6s, = 15) (C5H)
4.99* ppm (d, J == 4) and 5,10 ppm 

(dd, J = 4, J' = 2) (OCH(GH2)O).
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of 5-0-tert.-butyldimethylsilyl-milbemycin Ai|-13-spiro-
2 '-[51-(2!l~ethoxyethoxy)-tetrahydrofuran]
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24 mg of (i)-camphor-lO-sulphonic acid were added to a solution of 80 mg 
of 5-0-tert. -butyldimethylsilyl-13|'J-[2-( 1,3-dioxolan_2-yl)-ethyl]-13«- 
hydroxy-milbemycin Ag and 200 pl of ethylene glycol monoethyl ether in 
2 ml of methylene chloride. After stirring for 2 hours at room tempe­
rature, the reaction mixture was poured onto 50 ml of saturated NaHC03 
solution and extracted with 100 ml of diethyl ether. The organic phase 
was washed with 50 ml of saturated NaCl solution, dried with MgSOi, and 
concentrated by evaporation. Chromatography of the crude product on 
silica gel with hexane/ethyl acetate 6:1 yielded 62 mg (50 %) of isomer A 
product and 32 mg (26 %) of isomer B product.
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Isomer A:
MS: (m/e): 800 (M+, Cn5H72Q1oSi) 

:n-NMR (300 MHz, CDCI3);
3.08 ppm (dt, = 2.5, Jt = 9) (Ca5H) 
4.09 ppm (s) (OH)
4.42 ppm (bs, = 10) (C5H)
5.13 ppm (bs, w| = 6) (0CH(CH2)0)

• I 9 9 
«99 
ι «

Isomer B:
MS: (m/e): 800 (M+, CusHjzOi0Si) 
‘H-NMR (300 MHz, CDCI3):
3.07 ppm (dt, Jd = 2.5, Jt = 9) (CasH) 
4.03 ppm (s) (OH)
4.42 ppm (bs, w| = 10) (C5H)
5.23 ppm (bdj J = 3) (0CH(CH2)0)
5.51 ppm (dd, J = 11, J' = 6) (CjsH)
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H3. Preparation of milbemycin Ail-13-spiro-2 5'-(2”-ethoxyethoxy)-

- 37

tetrahydrofuran]

a) Isomer A
A solution of 58 mg of 5-O-tert.-butyldimethylsilyl-13-spiro-2'-[5'-(2"- 
ethoxyethoxy)-tetrahydrofuran] (isomer A) in 1 ml of HP^«pyridine/THF 
solution (see above) was stirred for 16 hours at room temperature. The 
reaction mixture was then poured onto 50 ml of saturated NaHCQ3 solution 
and extracted with 100 ml of diethyl ether. The organic phase was washed 
with 50 ml of saturated NaCl solution, dried with MgSOq and concentrated 
by evaporation. Chromatography of the crude product on silica gel with 
hexane/ethyl acetate 2:1 yielded 47 mg (94 %) of product,
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MS: (m/e): 686 (M+, C39II50O10) 

lH-NMR (300 MHz, CDCI3):
3.08
4.10
4,28
5.13

ppm 
ppm 
ppm 
ppm

(dt, Jd = 2.5, Jt * 9) (CgsH)
(s) (OH)
(t, J - 7) (C5H)
(bd, J = 4) (OClKCHs)O)

βt ί i 8 δ « 
β

«*·*’» b) Isomer B

22 mg (88 %) of product were obtained from 29.5 mg of 5-0-tert.-butyl- 
dime thyIsily1-13*spiro-2 *-[5’-(2'’-ethoxyethoxy)-tetrahydrofuran] 

·'’· (isomer B) analogously to procedure H3,a.
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MS: (m/e): 686 (M+, CaoHssOio) 

lH-NMR (300 MHz, CDCI3)!
3.06 ppm (dt, Jd = 2.5, J « 9) (Cg5H) 
4.03 ppm (s) (OH)
4.28 ppm (t, J = 7) (C5H)
5.22 ppm (bd, J = 4) (OCH(CHa)O)
5.50 ppm (dd, J c 11, J' » 5) (C15H)

i

L
I
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Η4. Preparation of 5-0-tert.-butyldimethylsilylmilbemycin Αι,-13-spiro-
2'-[ 5'-(2" ,2"-diniethylpropoxy)-tetrahydrofuran]

36 mg of (+ )-camphor~lO-sulphonic acid were added to a solution of 120 mg 
of 5-O-tert.-butyIdimethylsily1-13B—[2-( 1,3-dioxolan-2-yl)-ethyl]-13a- 
hydroxy-milbemycin At, and 274 mg of neopentyl alcohol in 2 ml of 
methylene chloride. After stirring for 2 hours at room temperature, the 
reaction mixture was worked up as described Under Preparation Example H2. 
After chromatography of the crude product on silica gel with 
hexane/diethyl ether 5*-l, it was possible to isolate 64 mg (52 %) of 
isomer A product and 35 mg (28 %) of isomer B product.
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Isomer A:
MS: (m/e): 798 (M+, C.,6H7()09Si) 

lH-NMR (300 MHz, CDCI3);
0.88 ppm (s) (0(0113) 3)
2.96 ppm (d, J - 9) (OCHHC(QH3)3)

' fit*» 3.08 ppm (dt, - 2,5, = 9) (CasH)
3.50 ppm (d, J = 9) (OCHHCtCHa)3)
4.09 ppm (s) (OH)

« 4 t
I ft

« 4ft 4.42 ppm (bs, wf - 10) (C5H)
* 4 t

< ♦ 4
4 4 ft

4.07 ppm (bd, J « 3) (OClJ(CHa)O)

Isomer B:
MS: (m/e); 798 (M+, C.(GH71.09Si)

’II-NMR (300 Mite, CDCla):
0.88 ppm (s) (0(0113)3)
3.02 ppm (dt, Jd = 2.5, - 9) (CasH)
3.06 ppm (d, J =» 9) (ΟΟΗΙΙΟ(ΟΗ3) 3)
3.51 ppm (d, J = 9) (OCHHC(CH3)3)
4 11 ppm (s) (OH)
4.42 ppm (bs, w| " 10) (CUD
5.14 ppm (dd, J = 5, J* χ 2.5) (OCH(CHa)O)
5.56 ppm (t, J ® 7.5) (CtjH)

k
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Η5· Preparation of milbemycin Ai|-13-spiro-2 '5'-(2" ,2"-dimethylpropoxy)- 
tetrahydrofuran]

a) Isomer A
47 mg (90 %) of product were obtained from 61 mg of 5-O-tert.-butyldi- 
methylsilyl-milbemycin At»—13-spiro-2 '-[51-(2", 2''-dimethylpropoxy)~tetra- 
hydrofuran] (isomer A) analogously to Preparation Example 113,

MS: (m/e): 684 (M+, CnoHaaOg)

Ul-NMR (300 MHz, CDClj): 
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0,87 PPm (s) (C(CΉ 3) 3)

2.95 ppm (d, J - 9) (OCHHC(CH3)3)
3.07 ppm (dt,' Jd = 2 .5, Jt = 9) (C25H)
3,40 Ppm (d, J - 9) (OGHHC(C1I3 ) 3)
4.11 ppm (a) (OH)
4,28 ppm (t, J * 7) (CsH)
5.06 ppm (bs., wj * 6 ) (OCH(CHa)O)

b) Isomer B
22 mg (85 %) of product were obtained from 29 mg ot 5-0-tert,-butyldi- 
methylsilyl-miibemycin Aif“13-0pito-2'-(5'-(2h,2"-dimethylpropoxy)-tei.ra- 
hydtofuran] (isomer B) analogously to Preparation Example 113,

f i ft ft ft
ft 

ft
MS: (m/e): 684 (M+, Ct»olU009)

‘H-NMR (300 MHz, Cdg13):
0.88 ppm (s) (C(CH3)3)

t ft 
t

i

i ft

I ft

3,01 ppm (dt, Jd - 2.5, Jfc = 9) (C?5H)
3.05 ppm (d, J - 9) (0CHHC(CH3)3)
3,50 ppm (d, J * 9) (0GHHC(CHO3) .
4,09 ppm (s) (OH)
4.28 ppm (t, J = 7) (C5H) 
5« 15 ppm (dd, J =» 5,m J' « 2.5) (OCH(CH2)O) 
5<55 ppm (t, J - 8) (C15H)
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H6. Preparation of 5-0-tert.-butyldimethylsilyl-milbemycin Ait-13-spiro-
2 1 - [ 5’- (2"-(2"'~(2""-hydroxyethoxy)-ethoxy)-ethoxy)-tetrahydrofuran]

36 mg of ( + )-camphor-10-st)lphonic acid were added to a solution of 120 mg 
of 5-0-tert..-butyldimethylsily 1-13β-(2-(1,3-dioxolan-2-yl)-ethyl ]-l 3α- 
hydroxy-milbemycin Ao and 828 pl of triethylene .ycol in 2 ml of 
methylene chloride, After stirring for 2 hours at room temperature, the 
reaction mixture was worked up as described under Preparation Example H2. 
Chromatography of the crude product on silica gel with hexane/ethyl 
acetate 1:1 yielded 96 mg (72 %) of product in the fottn of a mixture of 
epimers at C5’ (isomer A.'isomer B approximately 3:1).

MS: (m/e): 86^ (M+, C^HzeOigSi)

^-NMR (300 MHz, CDC13):
3.08 ppm (dt, =; 2,5, J*. = 9) (CggH)
4.02 ppm and 4.10* ppm (2s) (OH)
4.42 ppm (bs, w} = 10) (C§H)
5,12* ppm (bs) wi = v) and 5.16 ppm
(dd, J = 5, J' = 2) (OCH(CH2)O)

H? , Preparation of .ilbemvcin Αι,-13-spiro-21 - [5'-( 2"-(2" l-(2""-hvdroxy- 
ethoxy)-ethoxy)-ethoxy)-tetrahydrofuran  ]

39 mg (90 %) of product, in the form of a mixture of epimers at 05' 
(isomer A:isomer B approximately 2.5:1), were obtained from 50 mg of 
5-O-tert,-butyldimethylsilyl-milbemycin Aii-13-spiro-2'-[5'-(2"-(2'"-(2""- 
hydroxyethoxy)-ethoxy)-ethoxy)-tetrahydrofur‘anl analogously to Prepa­
ration Example H3.

MS: (m/e): 746 (M+, CuiHezOis) 

lH-NMR (300 MHz, CDClj):
3.07 ppm (bo, J =* 9) (C25H)
4.00 ppm and 4.10* ppm (2s) (OH)
4.27 ppm (t, J = 7) (CsH) 
5.11* ppm tbt, T = 2) and 5.22 ppm 
(dd, J ~ 5, J* 2) (OCH(CH2)O)
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H8. Preparation of 5-O-tert.-butyldlmethylsilyl-milbemycin Αι,-13-spiro- 
2'-[5'-(2"-(2" 1 -(2""~(chloroacetoxy)-ethoxy)-ethoxy)-ethoxy)-tetra­
hydrofuran]

At 0°C, 1 μΐ of chloroacetyl chloride was added to a solution of 42 mg of 
5-0-tert. -butyldimethylsilyl-mllbemycin Ai(-13-spiro-2 ' -[ 5' -( 2"-(2" 1 -(2""- 
hydroxyetboxy)-ethoxy)-ethoxy)-tetrahydrofuran] [mixture of epimers at 
C51 (isomer A:isomer B approximately 3:1)] and 39 μΐ of pyridine in 2 ml 
of methylene chloride. After stirring for 6 hours at C9C, the reaction 
mixture was poured onto 50 ml of IN HC1 solution and extracted with 
100 ml of diethyl ether. The Organic phase was washed with 50 ml of 
saturated NalIC03 solution and 50 ml of saturated NaCl solution, dried 
with MgSOi, and concentrated. Chromatography of the crude product or. 
silica gel with hexane/ethyl acetate 3:1 yielded 42 mg (92 %) of product 
in the form of a mixture of epimers ar 05' (isomet A:isomer B approxi­
mately 3:1),

MS: (m/e): 936 (M+, C^HyyClOiaSi)

XH-NMR (300 MHz, CDCia):
'3.07 ppm (dt, Jd = 2.5, Jt = 9) (C25H)
4.00 ppm and 4.08* ppm (2s) (OH)
4.08 ppm (s) (CHjCl)
4.41 ppm (bs, wf = 10) (CsH)
5.10* ppm (bt, J - 3) and 5,22 ppm
(dd, J = 5, J' = 2,5) (OCJKCHzJO)

I*
If

H9, Preparat ;on of milbetnvcin Ai,-13~spi..0-2 1 -[5'-(2"-(2" ' - ( 2ll"-( chloro­
acetoxy)-ethoxy)-ethoxy)-ethoxy)-tetrahydrofuran ]

26 mg (75 %) of product, in the form of a mixture of epimers at 05' 
(isomer A:isomer B approximately 3:1), were obtained from 39 mg of 
5-0-tert.-butyldlmethylsilyl-milbemycin A4-13-spiro-2 ' - [ 5' -( 2"-(2" '-(2""- 
(chloroacetoxy)-ethoxy)-ethoxy)-ethoxy)-tetrahydrofuran] [mixture of 
epimers at C51 (isomer Aiisomer B approximately 3:1)) analogously to 
Preparation Example H3.
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iMS: (m/e): 822 (M+, Ci,3H63C10i3) I
IH-NMR (300 MHz, CDCI3):
3.07 ppm (dt, Jd = 2.5, Jfc = 9) (C25H)

4.00 ppm and 4.10* ppm (2s) (OH)
4.08 ppm (s) (CH2CI)
4.27 ppm (t, J = 7) (C5H)
5.11* ppm (bt, J = 2.5) and 5.22 ppm (m) (OCH(CH2)O)

In accordance with the processes described above it is also possible to
prepare, for example, the following compounds of formula I:

Η10. 5-O-tert ■ -butyldimethylsilyl-milbemycin At,—13-spiro-21 -[ 5' -benzvl-
oxytetrahvdrofuran]

a) Isomer A:
MS: (m/e): 818 (M+, CusHyoOgSi)

1H-NNR (300 MHz, CDC13):
3.07 ppm (dt, Jd = 2.5, Jfc = 9) (CjsH) 
4.09 ppm (s) (OH)
4.42 ppm (bs, w{ = 11) (C5H)
4.48 ppm (d, j «= 11.5) (0CHC&H5)
4.82 ppm (d, J « 11.5) (0CHHC6H5)
5.20 ppm (bt, J = 2.5) (OCH(CH3)O)
7.33 ppm (m) (CcHs)

b) I Symer B
MS: (m/e): 818 (M^, CiiallzoOgSd)

•H-NMR (300 MHz, CDClj):
3.00 ppm (dt, J(j = 2.5, Jfc = 9) (C25H)
4.12 ppm (s) (OH)
4.41 ppm (bs, w| = 10) (C&H)

4.57 ppm (d, J = 11.5) (qOHHCgHs)

4.86 ppm (d, J « 11.5) (0CHHCsH5)
5.54 ppm (dd, J = 10, J' = 5) (C15H)
7.32 ppm (m) (CgHj)

y

·,

L
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Η11: Milbemycin Ai|-13-spiro-2 '-[ S'-benzyloxytetrahydro-furan]

a) Isomer A:
MS: (m/e): 704 (M+, Ci^HsfiOg)

Hl-NMR (300 MHz, CDCI3):
3.07 ppm (dt, Jd = 2.5, Jfc = 9) (C25H)
4.10 ppm (s) (OH)
4.28 ppm (t, J = 7) (C5H)
4.48 ppm (d, J = 11.5) (0CHHC6H5)
4.82 ppm (d, J = 11.5) (OCHHCGH5)
5.20 ppm (bt, J = 2.5) (OCH(CH2)O)
7,33 ppm (m) (CfiHs)

SS β 
« 0 0

ο ο«
Ο Ο « 9 

9 Ο
iOS®

« ttS 
0 0 4
4 9 9 ο

• Ο 9 9
9 9 9
« 4

9
* 9 β *« »

4 4

b) Isomer B
MS: (m/e): 704 (M+, C^HsfiOg)

’H-NMR (300 MHz, CDCI3):

4 4 ♦
4 « 4

* 4 4

4 4 ft
4 4 β

4 < «

3.00 ppm (dt. Jd = 2.5, Jt - 9) (C
4.10 pprn (s) (OH)
4.27 ppm (t, J = 7) (CSH)
4.57 Ppm (d, J =4 11.5) (OCHHCcHs)
4.85 ppm (d, J = 11.5) (OCHHCfiHg)
5.30 ppm (bt, J = 2.5) (OCH(CH2)0)
7.31 ppm (m) (CgH5)

Μ «4 
ί 4 4
I 4

Hl2: 5-0-tert.-butyldimethylsilyl-milbemycin Ai|-13-spiro-21-[51 -cyclo­
hex yloxytetrahydrofuran]

1

a) Isomer A:
MS: (m/e): 810 (M+, Ci, 7H7i,0gSi)

‘H-NMR (300 MHz, CDCI3):

3.07 ppm (dt, Jrf = 2.5, Jfc = 9) (C25H)
3.60 ppm (m) (OCH(CH2)CH2)
4.09 ppm (s) (OH)
4.41 ppm (bs, w| ~ 10) (CjH)

ίV



*
- 44 -

b) Isomer B
MS: (m/e): 810 (M+, C4 7H7 gOgSi)

*H-NMR (300 MHz, CDCI3) :
3.01 ppm (dt, Jd = 2.5, Jfc = 9) (C25H)
3.62 ppm (m) (0CH(CH2)CH2)
4.08 ppm (s) (OH)
4.40 ppm (bs, w| = 10) (C5H)
5.55 ppm (bs, J = 8) (C15H)

Hl 3: Milbemycin Ai,-1 j-spiro-2'-[5'-cyclohexyloxytetra-hydrofuran]

a) Isomer A:
MS: (m/e); 696 (M+, CgiHeoOg)

^-NMR (300 MHz, CDCI3) :
3.08 ppm (dt, Jd = 2.5, - 9) (Cagli)
3.62 ppm (m) (0CH(CH2)CH2)
4,10 ppm (s) (OH)
4.28 ppm (t. J = 7) (C5H)

b) Isomer B
MS: (m/e): 696 (M+, CmHCoOg)

lH-NMR (300 MHz, CDCI3):
3.02 ppm (dt, Jd - 2.5, Jfc = 9) (C25II)
3.62 ppm (m) (0CH(GH2)CH2)
4.07 ppm (s) (OH)
4.27 ppm (t, J = 7) (C5H)
5.56 ppm (dd, J « 10, J' = 5) (Cull)

H14: 5-O-tert .-butyldimethylsllyl-milbemycin Ait~13-spiro~2 5 '-(Σ'^ζ 2" 1 - 
methoxy-ethoxy)-ethoxy)~tetrai.ydro~ furan]

K
J

5

Mixture of epimers at C5* (isomer A:isoiner B approx. 3:1)

MS: (m/e): 830 (M+, Clt6H7i(01iSi) 

1H-NMR (300 MHz, CDCI3) :
3.08 ppm (bt, J = 9) (Ca5H)
3.36 ppm (s) (CH3O)

ft
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4.02 and 4.09* ppm (2s) (OH)
4.41 ppm (bs, w} = 11) (C5H)
5.12* ppm (bs, w| = 6) and 5.23 ppm (bs, wf = 6) (0CH(CH2)0)

Hl 5: Milbemycin Αι,-l 3-spiro-2 ' -[5'-(2"-(2" 1 -Tnethoxy-ethoxy)-ethoxy)- 
tetrahydrofuran]

Mixture of epimers at 05' (isomer A:isomer B approx. 2:3)

MS: (m/e): 716 (M+, C<)0HG0Ou)

1H-NMR (300 MHz, CDC13):
3.08 ppm (dt, Jd = 2.5, Jj. = 9) (C25H)

,, o 3.38 ppm (s) (CH3O)
• ” 4.01* and 4.10 ppm (2s) (OH)

4.29 ppm (t, J = 7) (C5H)
*,·’’· 5.12 ppm (bs, w} - 7) and 4.23* ppm (bs, w| = 6)

;»,··, (ΟΟΗ(ΟΗη)Ο)
t »

t
111 <»I

* * Hl6: 5-0-tert. -butyldimethylsilyl-milbemycin At. -13-spiro-2 51 - ((3h-
methyl-oxetan-311- yl)-methoxy)-tetrahydrofuran]

t « β
14«

« * ·

,· ·· Mixture of epimers at C5' (isomer A:isomer B approx. I»1.)

MS: (m/e): 812 (M+, Cl(f,H?BOj0Si)

1H-NMR (300 MHz, CDC'lj):
3*02 and 3.07 ppm (2dt , = 2.5, Jfc =

» 4 « »
ft 4 « 3.40 and 3.47 ppm (2d, J = 10) (OCHHC)

6 0 ft
» ft 4

3.87 and 3.88 ppm (2d, J - 10) (OCHHC)
ft ft ft 4.09 and 4.10 ppm (2s) (OH)

5.12 PPm (bd, J = 3.5) and 5.20 ppm
(dd, J = 4.5, J' == 2) (OCH(CH2)O)

Hl7: Milbemycin Ai|-13-spiro-2 1 — [ 5' —((3l'-methyloxetan-3ll-yl)-methoxy)- 
tetrahydrofuran]

Mixture of epimers at 05' (isomer A:isomer B approx. 1:1)
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MS: (m/e): 698 (Μ"*", CgoHsaOio)

1H-NMR (300 MHz, GDCI3):
3.02 and 3.07 Ppm (2dt, Jd = 2. 5> Jt =
3.40 and 3.46 PPm (2d, J = 10) (OCHHC)
3.86 and 3.88 Ppm (2d, J = 10) (OCHHC)
4.09 and 4.10 PPm (2s) (OH)
4.28 Ppm (t, J = '7) (Cg H)
5.12 PPm (bd, J = 3.5) and 5.20 PPm
(dd, J = 5, J' = 2) (OCH(CH2)O)

Hl8: 5-tert.-butyldimethylsilyl-milbemycin Ail-13-spiro-2'-[5l-(2"-
hydroxyethoxy)-tetrahydrofuran]

« · O 
4 0 ft

ft 0 0

4 s ft ft
♦ ft

e ο ο s

« β o 
«ft A 
ft ft ft ft

ft ft 9 0 
β β a 
t »

«
♦ ♦ « · ft ·

• ·

β «« 
ft ft 0

ft ft ft

ft fl ft 
• ft «

« ft ft

« ft Aft 
ft ft «
4 «

Mixture of epimers at 05' (isomer A:isomer B approx. 1:1)

MS: (m/e): 772 (M+, Ct) jHe aOj 0Si)

1H-NMR (300 MHz, CDC13):
3.07 ppm (dt, Jd = 2.5, Jfc = 9) (C25H)
3.98 and 4.06* ppm (2s) (OH)
4.41 ppm (bs, wf = 11) (C5H)
5.13* ppm (d, J = 4.5) and 5.22 ppm
(dd, J = 5, J' = 3) (OCH(CH2)0)

Hl 9: Mllbemycin Ai,-13-spiro-21 -[ 5' -(2ll-hydroxyethoxy)-tetrahydrQfuran ]
I

a) Isomer A
MS: (m/e): 658 (M+, CayHsoOio) 

1H-NMR (300 MHz, CDGlq):
3.07 ppm (dt, = 2.5, Jfc - 9) (G2gH) 
4.06 ppm (s) (OH)
4.27 ppm (t, J = 7) (GgH)
5.13 ppm (d, J = 4.5) (OCH(CH2)O)

b) Isomer B:
MS: (m/e): 658 (M+, C37H5i|Oio)
1H-NMR (300 MHz, CDCI3):
3.07 ppm (dt, Jd = 2.5, Jfc = 9) (C25H)

L 1
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3.98 ppm (s) (OH)
4.27 ppm (t, J = 7) (C5H)
5.22 ppm (dd, J = 5, J' = 3) (OCH(CH2)O)
5.53 ppm (dd, J = 10.5, J' = 4.5) (C15H)

S « 0
O 0 O

β a 0

© qo O
» 6 

ft «

a β 0
9 © ®
#95 Q

0 0 © 0
® s e
0 9

4
♦ ί ί » 4 ί

• 4

H20. Preparation of 5-o.ximino-milbemycin Ag-13-spiro~25'-(2"^"-di­
me thoxypropoxy)-tetrahydrofuran]

a) A solution of 50 mg of milbemycin Au-13-spiro-2'-[5'-(2",2"-dimethoxy- 
propoxy)-tetrahydrofuran] in 3 ml of dichloromethane is stirred with
95 mg of manganese dioxide for 5 hours at room temperature. The manganese 
dioxide is filtered off over kieselguhr, and after concentration of the 
solution, 47 mg of crude 5-oxo-milbemycin Aif-13-spiro-2 1-[5'-(2",2"-di~ 
methylpropoxyj-tetrahydrofuran] are obtained,
MS; (m/e): 682 (M+, CuoHsaOg)

b) This crude product is dissolved together with 47 mg of hydroxylamine 
hydrochloride in 1.0 ml of pyridine. After stirring for 1 hour at room 
temperature, the mixture is worked up with diethyl ether and IN HG1. 
Chromatography of the crude product on silica gel with ethyl acetate/ 
hexane 1:3 yields 35 mg of the title compound.
MS: (m/e): 697 (M+, Cl)OHs9NO0)

’H-NMR (300 MHz, CDC13):
0.88 ppm (s) (0(0Η3)3)
2.96 ppm (d, J - 9.5) (OCHHC(CH3)3)
3.08 ppm (dt, Jd 0 2.5, Jfc = 9.5) (C25H)
3.48 ppm (d, J = 9.5) (OCHHC(CH3)3)
4.64 ppm (s) (C6h)
7.62 ppm (s) (N-OH)

H21. Preparation of 5-oxiinino-milbemycin Αι,-l3-spiro-2'-[ 5'-cyclohexyl­
oxytetrahydrofuran]

a) 56 mg of manganese dioxide ate added to a solution of 30 mg of 
milbemycin Ai|-13-spiro-2'-[5'-cyclohexyloxy-tettahydrofuran) in 3 ml of 
dichloromethane. After stirring for 2 hours at room temperature, the 
reaction mixture is filtered over kieselguhr. After concentration of the 
solution 30 mg of crude 5-oxo-milbemycin Ai|-13-spiro-2'-[5-cyclohexyloxy- 
tetrahydrofuran] are obtained.



MS: (m/e): 694 (M+, CmHsaOg)
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0 e o 
0 0 Gt

ft © o

ft 0 CO 
* 0

ft ft o ft

o a o 
& σ a
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eft ft ft 
ft » e
i ft

«
Η Η I t 

ί <

ί · «
I » «

I ft ft

f * ft 
ί * ft

e «ft

t < ft e 
t « ft
t ft
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I ft e
* ft

4 0 «
ft 0 ft

ft ft ft

b) 29 mg of this crude product and 30 mg of hydroxylamine hydrochloride 
in 1.0 ml of pyridine are stirred for 2 hours at room temperature. The 
reaction mixture is worked up with diethyl ether and IN HG1 and after 
chromatography of the crude product on silica gel with ethyl acetate/ 
hexane 1:3, 23 mg of the title compound are obtained.
MS: (m/e): 709 (N+, CiuH5gN0g)

1H-NMR (300 MHz, CDClq):
3.09 ppm (dt, Jd = 2.5, Jfc = 9.5) (C35H)
3.62 ppm (m) (OCH(CH2)CH2)
4.55 ppm (s) (CqH)
7.65 ppm (s) (N-OH)

H22. Preparation of 5-oximino-milbemycin Ai;-13-spiro-2 1-( 5 '-^"-methyl­
butoxy)--tetrahydrofuran ]

a) 57 mg of manganese dioxide are added to a solution of 30 mg of 
milbemycin Aq-13-spiro-2'-[5'-(2"-methylbutoxy)-tetrahydrofuran] in 3 ml 
of dichloromethane. After stirring for 2 hours at room temperature, the 
reaction mixture is filtered over kieselguhr and, after concentration of 
the solution, 27 mg of crude 5-oxo-milbemycin Ai,-13-spiro“2'-[ 5'-(2"- 
methylbutoxy)-tetrahydrofuran] are obtained.
MS: (m/e): 682 (M+, CnoHseOs)

b) 26 m.g of this crude product are dissolved together with 26 mg of 
hydroxylamine hydrochloride in 1.0 ml of pyridine. After stirring for 
90 minutes at room temperature, the mixture is worked up with diethyl 
ether and IN HC1. Chromatography of the crude product on silica gel with 
ethyl acetate/hexane 1:3 yields 21 mg of the title compound.
MS: (m/e): 697 (M+, CimHsgNOg)

1H-NMR (300 MHz, CDCI3):
3.10 ppm (dd, Ji = 6, JS 9.5) (OCHHCH(CHj)C2H5)
3.66 ppm (dd, Jx = 6, J2 = 9.5) (OCHHCHtCHaiCsHs)
4.64 ppm (3) (CcH)
7.68 ppm (s) (N-OH)

i

■

I -

L
•s
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H2 3. Preparation of 5-oximino-milbemycin A3-I3-spiro-21-[5j-(2"-ethoxy- 
ethoxy)-tetrahydrofuran]

a) 60 mg of manganese dioxide are added to a solution of 14.5 mg of 
milbemycin A3~13-spiro-2'5'-(2"-ethoxyethoxy)-tetrahydrofuran] in 3 ml 
of dichloromethane. After stirring for 90 minutes at room temperature the 
reaction mixture is filtered over kieselguhr and, after concentration of 
the solution, 14 mg of crude 5-oxo-milbemycin A3-13-spiro-2'-[5'-(2"- 
ethoxyethoxyj-tetrahydrofuran ] are obtained.
MS: (m/e): 670 (M+, 03ΒΗ514Οια)

b) This crude product is dissolved together with 20 mg of hydroxylamine 
hydrochloride in 1.0 ml of pyridine. After stirring for one hour at room 

., 4 temperature, the mixture is worked up with diethyl ether and IN HC1,
» · «

’ 00 Chromatography of the crude product on silica gel with ethyl acetate/< 4 ft ft
hexane 1:3 yields 10 mg of the title compound.

J,f? MS: (m/e): 685 (M+, C30H55NOio)
9 fta

1 » «« 0 .
, ; It is also possible to prepare the following compounds analogously to the

ft 9 procedures described above:

« st 
4ft ft

« Oft

» ft c 
1a e

< β ft

« t ft©
* ft * 
t ft

» « β a 
a a a 
ft «

β a * 
ft ft * 

ft ««

ί

*
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Table 1 Compounds of formula I

Ii

in wh:.ch X = -CH(ORj)-, Ri = H and Ra = CH3

Comp.No. r3 Epimer Physic, constant or
Preparation Example

1.1 ch3 A
1.2 ch3 B
1.3 CH 3 A/B m/e: 614

(M , C35H50O9)
1.4 C2H5 A
1.5 CaHs B
1.6 Calls A/B1
1.7 C3H7-n A
1.8 C3H7-n B

tat 1.9 C3H7-n A/B
tt « *

© «ft 1.10 Cjllr-i. A
& e < e 1.11 c3h7-i B

ft ·
t « « « s 1.12 Call?-! A/B

ft ft 0
ft a «

1.13 Ci.Hg-n A
• ♦ e ft 1.14 Cqllg-n B
s t « · 
ft < 1 1.15 CijHg-n A/B ,
ft : 1.16 CfiHi3-n A/B

1.17 CioHai-n A/B
1.18 CHaOCHj A.
1.19 CH2OCH3 B
1.20 CH2OCH3 A/B
1.21 CHaCHaOH A
1.22 CHaCHaOH B

J 8
M

1.23 C112 CH 2 OH A/B
1.24 CHnCCClhla A m/e: 670

«1 (M . CagHsoOg)
6 ft

t 1,25 CH2C(CH3)3 B m/e: 670
(M , C39H5OO9)

1.26 CHaC(CH3)3 A/B . i
1.27 Phenyl A

11 1.28 Phenyl B
1.29 Phenyl A/B

1 ft 4 i
1 < ft

1.30 Benzyl A
1.31 Benzyl B

J 1.32 Benzyl A/B
F 1.33 CH2 CHaOCH3 A

1.34 CH2CH 2OCH3 B
1.35 CH2CH2OCHa A/B
1.36 CHaCHaOCaHs A m/e: 672 !

(M , CacHsfiOjo) 11.37 CH 2 CH aOC all 5 B m/e: 672 Λ
(M+, CaoHssOia)

1.38 CHaCHaOCaHs A/B fl
1.39 CHaCHaOCHaCHaOCHa A I
1.40 CHaCHgOCHaCHaOCHs B U
1.41 CHaCHaOCHaCHaOCHa A/B

’ \

I
11

b

Comp.No
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Table 1 (continuation)

Comp.No. Ra Epimer Physic, constant or 
Preparation Example

1.42 CHaCHdOCHaCHahOH A
1.43 CH2CH2(OCHaCH2)2OH B
1.44 CH2CH2(0CH2CHs)20H A/B
1.45 CH2CH2(OCH2CH2)2OCOCH2C1 A
1.46 CH2CH2(OCH2CH2)2OCOCH2CI B
1.47 CH2CH2(OCH2CH2)2OCOCH2C1 A/B
1.48 Cyclohexyl A m/g: 682

(M+, CmoH5809)
1.49 Cyclohexyl B m/e: 682

(M , C110H50O9)
1.50 Cyclohexyl A/B

1.51
γΠ3

CH a-— 
•-0
OH 3

A

1.52 CHs-—
•-Q
OH 3

B

1.53 CHr —
• -0

A/B

1.54 CHsClj A
1.55 CHaCij

CH2C13
B

1.56 A/B
1.57 CHaC(CHj)(CH2C1)2 A
1.58 CHaCCCHa)(CHaCX)a B
1.59 CHjCCCHaXCHaCDa A/B
1.60 CHaCBra A
1.61 CHaOBta B
1.62 CH2CBr3 A/B
1.63 CHa-CyeXobutyX A m/ei 668

(M , CasHstOq)
1.64 CHj-Cyelobutyl B m/e! 668

(M , C39H5GO0)
1.65 CHa-Cytlobutyl A/B
1.66 CHaCHCCHalCHaClh A m/e: 670

(M , CagHsaOt»)
1.67 CHaCH(CH3) CH2CH3 B m/e! 670

(M 1 CaeHsaOq)
1.68 CH2CH(CH3)CH2CH3 A/B
1.69 CHaCHaSClh A
1.70 CHaOHaSCHj B
1.71 CHaCHaSCHa A/B
1.72 1-AdatnantyXmethyX A
1.73 1-AdanantyXmethyX B
1.74 1 -Ad am an ty Xme thy 1 A/B
1.75 CHa-(2-Furyl) A
1.76 CHH2-WX) B
1.77 CHa-(2-FuryX) A/B

Comp.No
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Table 1 (continuation)

Comp.No, R3 Epimer Physic, constant or 
Preparation Example

1.78 ( + )-2-Metliyl-’6-isopropyl- 
cyclohexyl

A

1.79 (+)-2-Methyl-6-isopropyl- 
cyclohexyl

B

1.80 (+)-2-Methyl-6-isopropyl-
cyclohexyl

A/B

1.81 CH3CHsOCOCHa A
1.82 CHsCHaOCOCHj B
1.83 CHaCHaOCOCHa A/B m/e; 686

(M ( CaaHs'iOii)
1.84 CHaCHgOGHsCeHj A
1.85 CHaCHaOCHaCrJh B
1.86 CH2CH2OCHaC6H5 A/B
1.87 CHaCHaGl A
1.88 CH a CH a Cl. B
1.89 CHrCHaCl A/B
1,90 CHaCHaOCHaCH aCl A
1,91 CHaCHaOCHaGHaCl B

A/B1,92 CHaCHaOCHaCHaCl
1,93 CH?,-( ^-Thienyl) A
1.94 CHa-(2-Thienyl) B
1.95 CHa~(2-Thienyl) A/B
1.96

1.97

(-)-2-Nethy1-5-(1-methyl- 
vinyl)-2-cyclohexen~2-yl

A

(’-)-2-Methyl-5-(l-methyl- 
vinyl)-2-cyclohexen-2-'yl

B

1.98 (-.)-2-Nothyl-5~(l-niethyl-
Vinyl)-’2-'cyclohexen-2-yl

A/B

1.99
1*100
1,101

H 
ti

A
nΠ

H A/B
1.102 Cyclopentyl A
1.103 Cyclopentyl B
1.104 Cyclopentyl A/B
1.105 Cyclohoptyl A
1.106 Cyclobeptyl B
1.107 Cycloheptyl A/B
1.108 CHaC(CHa)sCHaCl A
1.109 CHaC(CHa)jOHaCl B
1.110 CH3C(CII3)3CH3C1 A/B
1.111 CH(CHa)CHaCHa (S) A
1.112 CH(CH3)CH3CH? (S) B
1.113 CH(CHa)CHaCHa (S) A/B
1,114 CHaCHiOCOCHaCl A
1.115 CHgCHgOCOCHaCl B
1.116 CHgCHgOCOCHaCl A/B
1.117 CHaCHCCHaCHaCHa/a A

Comp.No


- 53 -

♦ β 
ό · ·Ι
t ίί β

ft S « <9 
t <*-
ft ΰ

< € «
4 6 ©
β δ 9 «

» 8 9 &
« « 4
’ t

♦
- f t t ! χ

ί δ ♦
* * 

» *

ί 4
S

« * «Ι

U «

ί Μ

» > 9 9
< V ■ £ 
4 «

6 6 «
t. t ,

8 Η

Table 1 (continuation)

Comp.No■ lu Epimer Physic, constant or 
Preparation Example

1.118 CHaCH(CHzCHgCHa) a B
1.119 CIIaCHiCHaCHaCHala A/B
1.120 CH(CH3)CH2CH3 (r) A
1.121 CH(CH3)CHsCH3 (r) B
1.122 CH( CH 3.) ch a CH 3 (R) A/B
1.123 3-Phenoxy-benzyl A
1424 3-Phenoxy-benzyl B
1425 3-Phenoxy-benzyl A/B
1.126 CHa-Cyclohexyl A m/g! 696

(M , ChilkoOd
1427 CH3-Cyclohexyl B m/a; 696

(M+, CgjHGoOg)
1428 CHa-Cyclohexyl A/B
1429 3,4-Dime thoxybenzyX A
1430 3,4-Dimathoxybenzyl B
1431 3,4-Dime thoxybenzy1 A/B
1432 CH(CH3)CtH5 (R) A
1433 CH(CH3)CgH5 (R) B
1434 CH(CH3)CoH.5 (R) A/B
1435 CH(CH3)CgH5 (S) A
1.136 CH(CH3)CgH5 (S) B
1.137 CH(CH3)CgH5 (S) A/B
1438 CH?C1{(C2H5)2 A
1439 CH3CH(C2H5)b B
1.140 CHaCmcjlsH A/11
1441 CHsCH(CH3)3 A
1442 CHaCH(CH3)2 B
1443 CHaCIKCHa)?. A/B
1444 CHaC(CI13 )=CH2 A
1445 CH2C(CH3>CH2 B
1446 CHaC(CH3)«CH2 A/B
1447 CHa-l-Methylcyelopropyl A
1448 CHa-l-Methylc.yclopropyl B
1449 CHa-l-Mathylcyclopropyl A/B

L
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Table 2 Compounds of formula I
in which X = -CH(ORi)-, Ri = H und Rj = CjH5

Comp.No. Ra · Epimer Physic, constant or 
Preparation Example

2.1 CH a A
2.2 CH a B
2.3 CH 3 A/B Hl
2.4 c2h5 A
2.5 C2H5 B
2.6 C2H5 A/B
2.7 C3H7-n A
2.8 C3H7-n B
2.9 C3H7-n A/B
2.10 C3H7-i A
2.11 C3H7-i B
2.12 CaH7-i A/B
2.13 CiiHg-n A
2.14 Ci4Hg-n B

«4 « 2.15 GnHg-n A/B
« ® 0 2.16 CfiHi3~n A/B
* * « ® 

t 4· 2.17 Ci o.H2 i"n A/B
2,18 CHgOCHs A

< · « 
? ί ί 2.19 CH.*0CH3 B

2.20 CH2OCH3 A/B
‘ « i 2.21 CH2CH2OH A H19

1 2. :2 CHaCthOH B H19
<■' « I S ft t 

’ * 2.23 CH2CH2OH A/B
2.24 CH2C(CHa)3 A H5
2.25 CHSC(CH3)3 B H5

6- ft ♦ 2.26 CHsG(CH3)3 A/B H5
ί » <

* ft 4 2.27 Phenyl A m/ei 690
4 V 4 (M , CmHsnOg)

4- * ♦
t 4 4 2.28 Phenyl B m/ei 690

(M » ChiHsqOg)
4« »ft 
« « 4 2.29 Phenyl A/B
4 « 2.30 Benzyl A HU

2.31 Benzyl B HU
2.32 Benzyl A/B HU

* o e «
2.,33 CH2CH2OCH3 A

4 0 4
9 0

2.34 CH2CH2OCH3 B
b Q β 2.35 CH2CH20CH3 A/B

» 0 « 
ft 0 0 2.36 CH2CH2OC2H5 A H3

2.37 CHaCHaOCaHs B H3
2.38 GHgCHaOCgHs A/B H3
2.39 CHaCHaOCH2CHaOCH3 A m/e; 716

(M\ CuqHooOii)
2.40 CHaCHaOCHaCHaOCHa B
2.41 CHaCHaOCHaCHaOCHa A/B Hl 5
2.42 CHaCHa(OCHaCHa) aOH A

Comp.No


t
ο>■ I

- 55 -

Table 2 (continuation)

Comp.No . R3 Epimer Physic, constant or 
Preparation Example

2.43 CH2CH2(OCH2CH2)2OH B
2.44 ch2ch2(och2ch2)2oh A/B II7
2,45 ch2ch2(och2ch2)2ococh2ci A
2.46 ch2ch2(och2ch2)2ococh2ci Tj
2.47 CH2CH2(OCH2CH2)2ococh2ci A/B 119
2.48 Cyclohexyl A H13
2.49 Cyclohexyl B Hl 3
2.50 Cyclohexyl A/B H13

2.51 CHnzi A

2.52
γΠ3

™!Ί-ί

CH 3

B

2.53 C,,=-LA A/B Hl 7

2.54 CH2Cl3 A
2.55 CHjCla B
2.56 CIl· Cl 3 A/B
2.57 CH2C(CH3)(CH2C1)2 A m/e: 752

(M , CuoHseClpOg)
2.58 CH2C(CH3)(CH2C1)2 B m/e: 752

(M , ClfoHssClsOg)
2.59 CH2C(CH3)(CH2C1)2 A/B
2.60 Cll2CBr3 A m/e: 880, 878

(M , C37H5iBr30g)
2.61 CliaCBr 3 B m/e: 880, 878 

(M , C37HsiBr30g)
2.62 CHaCBra A/B
2.63 CH2-Cyclobutyl A m/e: 682

(M\ CboHsqOg)
2.64 CHa-Cyclobutyl B m/e; 682 

(M , C-ioIlboOg)
2.65 CH2-Cyclobutyl A/B
2.66 CH2C11(CH3)CH2CH3 A m/e: 684

(M , CiioHcoOg)
2.67 CHaCH(CH3)CH2CH3 B m/e: 684 

(M , CitollGoOg)
2.68 CH2CH(CH3)CH2CH3 A/B

L

Comp.No
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Table 2 (continuation) i]

Comp.No. Ra Epimer Physic, constant or 
Preparation Example

2.69 CHaCHgSCHa A m/e: 688
(M , C39H5GO9S)

2.70 CH2CH2SCH3 B m/e: 688
CM , C39H5GO9S)

2.71 CHaCH2SCH3 A/B
2.72 1-Adamantylmethyl A m/e: 762

(11 , C1(6HgCO9)
2.73 1-Adamantylmethyl B m/e'. 762

(11 , CqcHcGOg)
2.74 1-Adamantylmethyl A/B
2.75 CHa-(2-Fu.ryl) A m/ξ: 694

(if' , CnoHsuOxo)
2.76 CH2-(2-Furyl) B m/e: 694

(M , CuoHsmOio)
* <5 O

9 0 0 2.77 CHa-(2-Furyl) A/B
a o 9 2.78 (+)-2-Methyl-6-isopropyl- A m/e: 752
* o « e 

ft 9 cyclohexyl CM , Ch5HgBO9)
2.79 (+)-2-Methyl-6-isopropyl- B m/e: 752

ft 9ft 
ft ft ft ft

cyclohexyl (M , CiisHoqOg)
0 ft 2.80 (+)-2-ltethyl-6-isopropyl- A/B
« i i
« 4 cyclohexyl

< 2.81 CH2CH2OCOCH3 A m/e: 700
• t '

2.82 CH2CH2OCOCH3 B
(M , CagHscOu)

2.83 CH2CH2OCOCH3 A/B
f- « * 2.84 CHaCHaOCHsCfiHs A m/e: 748

(11 , CugHgoOio)t 1
® β »

* * * * ' 2.85 CHaCHaOCHaCsHs B m/e: 748
■ ΐ 5 t

2,86 CHaCll2OCH2C6H5 A/B
CM , CuuHgoOio)

« * ft ♦ 
t « ft 2.87 CHaCHaCl A
. « . 2.88 CHaCHjCl B

2.89 CHaCHaCl A/B
2.90 CHaCHaOCHaCHaCl A

£ i t 4 2.91 CH2CH2OCH2CH2CI B
♦ S 1
4 I 2.92 CH2CH2OCH2CH2CI A/B
it t 2.93 CHa-(2-Thienyl) A
I ft 4 2.94 CHa-(2-Thienyl) B

2.95 Cw2~(2-Thienyl) A/B
2.9C (‘j-2-Methy 1-5-(l-methyl-> 

vinyl)'-2-cyclohexen-2-yl
A

2.97 (-)-2-Methyl-5-(l-methyl- 
vinyl)-2-cycioheXen-2-yl

B

2.98 (-)-2-liethyl-5-( 1-methyl-
vinyl)-2~cyclohex2n-2-yl

A/B

Comp.No
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Table 2 (continuation)

Comp, No. Rs Epimer Physic, constant or 
Preparation Example

2.99 H A
2.100 H B
2.101 H A/B m/e: 573 

(M , C35H5oOg)
2.102 Cyclopentyl A m/e: 682

(M , ChoHsaOi)
2.103 Cyclopentyl B m/e: 682

(M , Ci.0H50O9)
2.104 Cyclopentyl A/B
2.105 Cycloheptyl A m/e: 710

(M , Cl|2HG20g)
2.106 Cycloheptyl B m/e: 710

(M , CuaHeaOg)
2.107 Cycloheptyl A/B

<< « 2.108 CH2C(CH3)2CH2C1 A m/e: 718
« ft ft (H . CMoHsgClOg)
« 4 ft β 

< ft 2,109 CH2C(CH3)2CH2C1 B m/e: 718
(M , CqoHsgClOg)<■ ft ft ft

» ft ft
• ft · 2.110 CH2C(CH3)2CH2C1 A/B
» n < ft 2.111 CH(CH3)CH2CH3 (S) A m/e: 670
·. ft « (M , C39H53O9)

ft 2.112 CH(CH3)CH2CH3 (s) B m/e: 670
ft ft ft ft ft β 

* ft

2.113 ch(ch3)ch2ch3 (S) A/B
(M , C3gH5aOg)

2.114 CH2CH2OCOCH2C1 A m/e: 734
ft ft ft

(M , CagHssClOji)
» ft ft

ft ft · 2.115 ch2ch2ococh2ci B m/e: 734
« · · (M , C39H55CIO11)

t ft ft
ft ft ft 2.116 ch2ch2ococh2ci A/B

2.117 CH2CH(CH2CH2CH3)z A m/e: 726
ft ft ft ft 
ft ft ft (M , Ci(3HggO9)
ft * 2.118 ch2ch(ch2ch2ch3)2 3 m/ei 726

(i-f, CmsHggOo)
2.119 CH2CH(CH2CH2aH3)2 A/B

ft ft « « 
ft ft t
ft ft

2,120 CH(CH3)CH2CH3 (R) A m/e: 670
(M , C39H5BO9)

ft ft ft 2.121 CH(CH3)CH2CH3 (R) B m/e: 670
ft ft ft

ft «♦

2.122 CH(CH3)CH2CH3 (r) A/B
(M , C39H50O9)

2.123 3-Phenoxy-benzyl A m/e: 796
(M , CuaHooOio)

2.124 3-Phenoxy-benzyl B m/e: 796
(M , CubHgoOiq)

2.125 3-Phenoxy-benzyl A/B



r
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«« β 
ft s ft

• so

♦ io
ft 0

ft « 9 9

ft β β 
ft « β 
III «

ft 9ft 
f t 0 f β

4
I i H » ♦

I 4

« 4 4
i 4 ft

« 4ft

« ft 0 
t 4 ft

• ft β

4 * * ft
4ft ft
i ft

ft 4 ft ft
• a «
« ft

4 ft ft
» ft ft

0 ft ft

Table 2 (continuation)

Comp.No. Ra Epimer Physic, constant or 
Preparation Example

2.126 CH2-Cyclohexyl A m/e: 710
(m\ Cq2H620i>)

2.127 CHa-Cyclohexyl B m/e: 710
(M+, CqaHeaOg)

2.128 CH2-Cyclohexyl A/B
2,129 3,4-Dimethoxybenzyl A m/e: 764

(M, CquHeoOn)
2.130 3,4-Dimethoxybenzyl B m/e: 764

(M\ GquHsoOn)
2.131 3,4-Dimethoxybenzyl

CH(CH3)C6H5 (R)
A/B

2.132 A m/e: 718
(M , CqaHsaOg)

2.133 CH(CH3)CgH5 (r) B m/e: 718
(M , CqaHsaOg)

2.134 CIKCHjICgHs (R) A/B
2.135 CH(CH )CgH5 (S) A m/e; 718

(M , CqaHsaOa)
2.136 CH(CHa)CcH5 (S) B m/e: 718 

(M , Cl|3H5809)
2.137 CH(CHa)C6H5 (S) A/B
2.138 CH2CH(C2H5)2 A
2.139 ch2ch(c2ii5)2 B
2.140 CH2CH(C2Hg)2 A/B
2.141 CH2CH(CHa)2 A m/e: 670

CM , C39H50O9) 
m/e: 670
(M > C39H58O9)

2.142 CH2CH(CH3)a B

2.143 CH2CH(CH3)2 A/B
2.144 GH2C(CH3)=CH2 A
2.145 ch2c(ch3)=ch2 B
2.146 ch2c(ch3)^ch2 A/B
2.147 CH2-1-Methylcyclopropyl A
2.148 CH2-l-MethylcyclopiOpyl B
2.149 CH2-1-Methylcyclopropyl A/B

and the corresponding compounds 3.1 to 3.1s9 in which X, Rj and R3 have 
the meanings given for compounds 2.1 to 2.149 in Table 2, and R2 repre­
sents isopropyl; and also the corresponding compounds 4.1 to 4.149 in 
which X, Ri and R3 have the meanings given for compounds 2.1 to 2.149 in 
Table 2, and R2 represents sec.-butyl.

Comp.No


rr,

! 
t

ί

«4 ft t A 4 
i ο a
♦ 4 4 0 

ί 9
44 9 4

* 4 4
< 4 4
ί » I 4
« » 4 4
I * «
s «

Γ M * t < ί

4 » *
1 ■ '

[

’ t 4 
t 4

< 4 4
’ 4 4

I 4 
t I «

M ♦ 4 
t 4 44 4

4 · 4 4
4 4 4
9 4

4 4 4
9 4 4

« ao
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Table 3 Compounds of formula I
in which X = -CH(GRi)-, Ri = Si(CfI3) 2C(CH3) 3 and R2 = CH3

Comp. No. Epimer Physic, constant or 
Preparation Example

5.1 CH 3 A
5.2 CH 3 B
5.3 CH 3 A/B
5,4 CsHs A
5.5 c2h5 B
5.6 C2H5 A/B
5.7 C3H7-n A
5.8 C3H7-n B
5.9 C3H7-n A/B
5.10 C3H7-i A
5.11 C3H7-i B
5.12 C3H7-I A/B
5.13 CgHg-n A
5.1 CiiHg-n B
5.15 Ci|Hg-n A/B
5.16 06Η13-Π A/B
5.17 CioH21-n A/B
5.18 CH2OCH3 A
5.19 CII20CH3 B
5.20 CHaOCH3 A/B
5.21 CH2CHaOH A
5.22 CHbCHsQH B
5.23 CHaCHaOH A/B
5.24 CHaC(CH3)3 A m/g: 784

(M , Ci(5H720nSi)
5.25 CH2C(CH3)3 B m/e: 784

(M , Cg gH7 20gSi)
5.26 CHaC(CH3)3 A/B
5.27 Phenyl A
5.28 Phenyl B
5.29 Phenyl A/B
5.30 Benzyl A
5.31 Benzyl B
5.32 Benzyl A/B
5.33 CH2CH2OCH3 A
5.34 CHaCH20CH3 B
5.35 CHaCHaOCHa A/B
5.36 CH2CH20C2H5 A m/g: 786

(1Γ , Cifi|H7iOjoSi)
5.37 CH2CH2OC2H5 B m/g: 786

(M , Ci, i|H7 30i 0Si)
5.38 CHaCHaOCaHs A/B
5.39 CH2CH2OCH2 CH2OCH3 A
5.40 GH2CH2OCH2CH2OCH3 B
5.41 CHaCH2OCH2CH2OCH3 A/B
5.42 CH2CHa(OCH2CHa)zOH A
5.43 CH2CH2(OCH2CH2)aOH B
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Table 3 (continuation)

Comp.No. Ra Epimer Physic, constant or 
Preparation Example

5.44 CH2CH2(OCH2CH2)2OH A/B
5.45 CH2CH2(OCH2CH2)2OCOCH2C1 A
5.46 CH2CH2(OCH2CH2)2OCOCH2C1 B
5.47 CH2CH2(OCH2CH2)2OCOCHsC1 A/B
5.48 Cyclohexyl A m/e: 796

(M+, Clt6H720gSi)
5.49 Cyclohexyl B m/e: 796

(M , C1)GH720gSi)
5.50 Cyclohexyl

CH3
A/B

5.51 CH=-i=i
CH 3

A

5.52 CH.-1;
•-0
CH 3

B

5.53 C"s-a A/B

5.54 CH2Cl3 A
5.55 CH2Cl 3 B
5.56 CHsCl 3 A/B
5.57 CH2C(CH3)(CH2C1)2 A
5.58 CHaC(CH3)(CH2Cl)2 B
5.59 CH2C(CH3)(CH2C1)2 A/B
5.60 CH2CBr3 A
5.61 CH2CBr3 B
5.62 CH2CBr3 A/B
5.63 CH2-CycLobutyl A m/e: 782

(M , C^HyoOeSi)
5.64 CH2-Cyclobutyl B m/e: 782

(M , CMsH7oOijSi)
5.65 CH2-Cyclobutyl A/B
5.66 CH2CH(CH3)CH2CH3 A m/e: 784

(M , CusHvaOsSi)
5.67 CH2CH(CH3)CH2CH3 B m/e: 784

(1C, CG5H720gSi)
5.68 CH2CH(CH3)CH2CH3 A/B
5.69 CH2CH2SCH3 A
5.70 ch2ch2sch3 B
5.71 CH2CH2SCH3 A/B
5.72 1-Adamantylmethy1 A
5.73 1-Adamantylrnethyl B
5.74 l-Adamantylmethyl A/F
5.75 CHg-(2-Furyl) A
5.76 CH2-(2-Furyl) 1)
5.77 CH2-(2-Furyl) A/B
5.78 (+)-2-Methyl-6-isopropyl-

cyclohexyl
A

Comp.No
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Table 3 (continuation)

Comp.No, R3 Epimer Physic, constant or 
Preparation Example

5.79 (+)-2-Methyl-6-isopropyl-
cyclohexyl

B

5.80 ( + )-2-'Methyl-6-isopropyl- 
cyclohexyl

A/B

5.81 CHbCH2OCOCH3 A
5.82 CH5CH2OCOCH3 B
5.83 CHsCHaOCOCIh A/B
5.84 CHbCHbOCHsCgHs A
5.78 ( + )-2-Methyl-,6-isopropyl- 

cyclohexyl
A

5.79 (+)-2-Methyl-0-isopropyl-
cyclohexyl

B

5.80 (+)-2-Methyl-6-isopropyl-
cyclohexyl

A/B

5,81 CH2CH2OCOCH3 A
5.82 CH2CH2OCOCH3 B
5.83 CHsCIInOCOCHj A/B
5.84 CHsCHbOCHsCgHs A
5.85 CHiiCHbOCHbCgHs B
5.86 CHbCHbOCHbCgHs A/B
5.87 CHaCHbCl A
5.88 CHbCHbCI B
5.89 CHbCHjCI A/B
5.90 CH2CHbOCH2CHbC1 A
5.91 CH2CH2OCHbCHbC1 B
5.92 CH3CHbOCH2CH2C1 A/B
5.93 CHn-(2-Thienyl) A
5.94 CH2"(2-lhienyl) B
5.95 CHa-(2-Thienyl) A/B
5.96 (.-)-2-4iethyl~5~( l-methyl- 

vinyl)-2-cyclohexen-2-yl
A

5.97 (-)-2-Methyl-5-(1-methyl- 
vinyl)-2-cyclohexen-2-yl

B

5.98 (-)~2-Methyl-5-(l-methyl- 
vinyl)-2-cyclohexen~2-yl

A/B

5.99 H A
5.100 H B
5.101 Η A/B
5.102 Cyclopentyl A
5.103 Cyclopentyl B
5.104 Cyclopentyl A/B
5.105 Cycloheptyl A
5.106 Cycloheptyl B
5.107 Cycloheptyl A/B
5.108 CHbC(CH3)2CH2C1 A
5.109 CHbC(CH3)2CHbC1 B
5.110 CH2C(CH3)zCHaCl A/B

Comp.No


Table 3 (continuation)

Comp.No. Ra Epimer Physic, constant or 
Preparation Example

5.111 CH(CH3)CH2CH3 (s) A
5.112 ch(ch3)ch2ch3 (s) B
5.113 ch(ch3)ch2ch3 (S) A/B
5.114 ch2ch2ococh2ci A
5.115 ch2ch2ococh2ci B
5.116 ch2ch2ococh2ci A/B
5.117 ch2ch(ch2ch2ch3)2 A
5.118 ch2ch(ch2ch2ch3)2 B
5.119 ch2ch(ch2ch2ch3)2 A/B
5.120 ch(ch3)ch2ch3 (R) A
5.121 CH(CH3)CH2CH3 (R) B
5,122 CH(CH3)CH2CH3 (R) A/B
5,123 3-Phenoxy-benzyl A
5.124 3-Phenoxy-benzyl B
5.125 3-Phenoxy-benzyl A/B
5,119 CHgCH(CHBCH2CH3)a A/B
5.120 CH(CH3)CH2CH3 (R) A
5.121 CH(CH3)CH2CH3 (R) B
5.122 CH(CH3)CH2CH3 (R) A/B
5.123 3-Phenoxy-benzyl A
5.124 3-Phenoxy-benzyl B
5,125 3-Phenoxy-benzyl A/B
5.126 CHa-Cyclohexyl A m/e! 810

(M , Cq7ll71|O9Si)
5.127 CHp.-Cyclohexyl B m/e: 810

(M , CiulInOgSi)
5.128 CH2-Cyclohexyl A/B
5.129
5.130

3,4-Dimethoxybenzyl
3,4-Dimethoxybenzyl

A
B

5.131 3,4-Dimethoxybenzyl A/B
5.132 CH(CH3)C6Hs (r) A
5.133 CH(CH3)CgH5 (R) B
5,134 GH(CH3)C6H5 (R) A/B
5.135 CH(CH3)CgH$ (SI A
5,136 CH(CH3)CgH5 (S) B
5.137 CH(CH3)CgII5 iS) A/B
5.138 CHiCH(C2H5)2 A
5,139 CH2GH(C2H5)a B
5,140 GH8CH(C2H5)a A/B
5,141 CH2CH(CH3)a A
5.142 CH2CH(CH3)a B
5.143 ch3ch(ch3)2 A/B
5.144 CH2C(CH3)-CH2 A
5.145 CH2C(CH3)»CHa B
5,146 CHaC(CH3)=CHa A/B
5.147 CH2-1-Methylcyclopropyl A
5.148 CH2-l-Methylcyclopropyl B
5.149 CHa-l-Methylcycloptopyl A/B

Comp.No
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Table 4 Compounds of formula I
' in which X = -CH(ORj)-, Ri = Si(CH3) 2C(C1I3) 3 and R2 = C2H5

Comp.No, Ra Epimer Physic, constant or 
Preparation Example

6.1 ch3 A
6.2 ch3 B
6.3 CH 3 A/B
6.4 C2H5 A
6.5 C2H5 B
6.6 c2h5 A/B
6.7 C3H7-n A
6.8 c3H7-n B
6.9 C 3H 7-n A/B
6.10 C3H7-i A
6.11 C3H7-i B I
6.12 C31I7-1 A/B
6.13 CijHg-n A
6.14 CifHq-n B
6.15 Chllg-n A/B
6.16 CcHi3~n A/B
6.17 Ciollai-n A/B
6.18 CHaOClh A
6.19 CH2OCH3 B
6.20 CH2OCH3 A/B
6.21 CHsCH2OH A
6.22 CHSCHaOH B
6.23 CH 2 CH 2 011 A/B ins
6.24 CH2C(CH3)S A H4
6.25 CHaCCCHa)3 B H4
6,26 CHaCiClhla A/B H4
6.27 Phenyl A
6.28 Phenyl B
6.29 Phenyl A/B
6.30 Benzyl A H10
6.31 Benzyl B H10
6.32 Benzyl A/B 1110
6.33 CH2CH2OCH3 A
6.34 CH2CH2OCH3 B
6.35 CH2CH2OCH3 A/B
6.36 CH2CH2OC2H5 A H2
6.37 CHaCHaOCzHs B H2
6.38 CHaCltaOCalls A/B
6.39 cHaCHnOCHaCHaOCHa A
6.40 CHaCHaOCHaCHaOcHa B
6.41 CHaCHgQCHaCHaOCHa A/B H14
6.42 CH2CH2(OCHaCH3)aOH A
6.43 CHBCHa(0CHaCHa)20H B
6.44 CHaCHaCOGHaCHa)jOH A/B H6
6.45 CH 2 CH 2(OCH a CH 2) a OCOCH a Cl A
6.46 CHaCHaCOCHaCHa)aOCOCHaCl B

Comp.No
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Table 4 (continuation)

Comp.No. R3 Epimer Physic, constant or 
Preparation Example

6.47 CH3CH2(OCH3CH2)aOCOCH2Cl A/B H8
6.48 Cyclohexyl A Hl 2
6.49 Cyclohexyl B H12
6.50 Cyclohexyl

CH 3
A/B Hl 2

6.51 CH2-|-t
• -0
CH 3

A

6,52

CHb

B

6.53 CH2-j-·
•-0

A/B Hl 6 ■

6.54 CHaCl a A
6.55 CII2CI3 B
6.56 CH2Cl 3 A/B
6.57 CHaC(CH3)(CH3Cl)s A m/e: 868

(M , ChcHyaClaOaSi)
6.58 CH2C(CH3)(CH2C1)2 B m/e; 868

(M , CusHT’ClaOgSi)
6.59 CH2C(CH3)(CH2C1)2 A/B.
6,60 CH a CD i* 3 A m/e: 992, 994

<M , Ch3«6nBraOgSl)
6.61 CHaCBrj B m/e: 992, 994

(M , Ci| sHgsBrsOgSi)
6.62 CHaCBrj A/B
6.63 CH2-Cyclobutyl A m/e; 796

(M , CMH720oSi)
6.64 CH2-Cyclobutyl B m/e: 796

(M , CheHraQaSi)
6.65 CHa-Cyclobutyl A/B
6.66 CH2CH( CH 3)CHaCH3 A m/e: 798

(M , ChdlyiiOgSi)
6.6 7 CHaCIKCHjJCHaCHa B m/e: 798

(M , CheHyhOnSi)
6.68 CHaCWCHiJCHaCHs A/B

(

k

Comp.No
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ί
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Table 4 (continuation)

Comp.No. R3 Epimer Physic, constant or 
Preparation Example

6.69 ch2ch2sch3 A
6.70 ch2ch2sch3 B
6.71 CH2CH2SCH3 A/B
6.72 1-Adamantylme thy 1 A m/e : 876

(M , C5aH00O9Si)
6.73 1-Adamantylmc-chyl B m/e: 876

(M , OsaHooOgSi)
6.74 1-Adamancylmethyl A/B
6,75 CH2-(2-Furyl) A m/e: 808

(M , Ci.6H6bO-.oSi)
6.76 CH2-(2-Furyl) B m/e: 808

(M , C^HeoOioSi)
6.77 CH2-(2-Fuiyl) A/B
6.78 (+)-2-Methyl-6-isopropyl-

cyclohexyl
A m/e: 866

(M , C5iHqaOgSi)
6.79 (+)-2-Methyl-6-isopropyl-

cyclohexyl
B m/e: 866

(M , CsiHorOoSi)
6.80 (+)-2-Methyl-6-isopropyl-

cyclohexyl
A/B

6.81 CHaCHcOCOClh A
6,82 CHaCHsOCOCH·) B
6,83 CIlaCHaOCOCHj A/B
6.84 CHaCHaOCHaCeHs A m/e: 862

(M , C5nH7i»Ol0Si)
6.85 CHaCH?.OCll2CGH5 B m/e: 862

(M , CsoHyuOioSi)
6.86 CHaCHnOCHaCoHi A/B
6.87 CHaCHaCl A
6.88 CH-CHaCl B·
6.89 CHaCHaCl A/B
6.90 CHsGlhOClhCHgCl A
6.91 CHaCH2OCHaCH2Cl B
6.92 CHiCBaOCHaCHaCl A/B
6.93 CIt2-( 2-Thienyl) A
6.94 CH2-(2-Thienyl) B
6.95 CH.— (2-Thienyl) A/B
6,96 (-)-2-Methy1-5-(1-methyl- 

vinyl)-2~cyclohexen-2-yl
A

6.97 (-)-2-Me thy1-5-(1-methyl- 
vinyl)-2~cyclohexen-2-yl

B

6.98 (-)-2-Methyl-5-(1-methy1- 
vinyl)-2-cycloheXen-2-yl

A/B

siz

ί

Comp.No
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Table 4 (continuation)

Comp. No. r3 Epimer Physic, constant or 
Preparation Example

6.99 H A
6.100 H B
6.101 H A/B m^e: 728

(M , CqiHfi^OgSi)
6.102 Cyclopentyl A m/e: 796

(M , Cl|6H720gSi)
6.103 Cyclopentyl B m/e: 796

(M , C1(6H72O9Si)
6.104 Cyclopentyl A/B
6.105 Cycloheptyl A
6.106 Cycloheptyl B
6.107 Cycloheptyl A/B

0 · 0
• 9 9

» 9 9

6.108 CH2C(CH3)2CH2C1 A m/e; 832
(M , Ci)GH7 jClOgSi)

♦ t 4 4 
9 4

«444

6.109 CH2C(CH3)3CH2C1 B m/e: 832
(M , Cl)6H73C109Si)

9 If
i t » 6.110 CH2C(CH3)2CH2C1 A/B
f ·. i 9 6.111 CH(CH3)CH2CH3 (S) A m/e: 784

(M , Ci)5H72O9Si)£

6.112 CH(CH3)CH2CH3 (3) B m/e; 784
(M , Ci)5H72O9Si)

6.113
6.114

6.115

CH(CH3)CH2CH3 (S)
CH2CH2OCOCH2C1

A/B 
A m/e; 848

(M , CusHfigClOiiSi)
t gh2ch2ococh2ci B m/e: 848

(M+, CusHcClOuSi)
« . « ■ <

6.116Ϊ c ch2ch2ococh2ci A/B
6.117 CH2CH(CH2CH2CH3)2 A m/e: 840

(M , ChsHooOgSi)III»

* 9 6.118 ch2ch(ch2ch2ch3)2 B m/e: 840
(M+, CugHaoQgSi)

6.119 ch2ck(ch2ch2ch3)2 A/B
« » « 4
8 9 «

6.120 ch(ch3)ch2ch3 (r) A m/e: 784
(M , Ci(5H7sO9Si)

* 8 »
6.121 ch(ch3)ch2ch3 (r) B m/e' 784

9 β *
S » 9

6.122 ch(ch3)ch2ch3 (r) A/B
(M-1’, dfslbaOgSi)

6.123 3-Phenoxy-benzyl A m/e: 910
(M , CsuHrnOioSi)

6.124

6.125

3-Phenoxy-benzyl B m/e: 910
(M , CsuHrbOioSi)

3-Phenoxy-benzyl A/B
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« ft ft » 
© ft <
9 ft

9 © *
ft ft 9 

ft ft ft:

Table 4 (continuation)

Comp.No. Ra Epimer Physic, constant or 
Preparation Example

6.126 CHa-Cyclohexyl A m/e: 824
(M , Ci1SH7GO9Si)

6.127 CHa-Cyclohexyl B m/e: 824
(M , CiuHyGOgSi)

6.128 CHa-Cyclohexyl A/B
m/e: 878
(M , CsoHyuOuSi)

6.129 3,4-Dimethoxybenzyl A

6.130 3,4-Dimethoxybenzyl B m/e: 878
(M , CsoHynOuSi)

6.131 3,4-Dimethoxybenzyl A/B
6,132 CH(CH3)CGH5 (R) A m/e: 832

(M , CiuHyaOgSi)
6.133 CH(CH3)C6H5 (Ry B m/e: 832

(M+, Cq9H72O9Si)
6.134 CH(Cll3)C6H5 (R) A/B
6.135 CH(CH3)C6H5 (S) A m/e: 832

(M , Ci)9H7aOqSi)
6.136 CH(CH3)CgH5 (S) B m/e: 832

(M , Ci)9H72O9Si)
6.137 CH(CH3)CgH5 (S) A/B
6.138 CHaCH(CaHg) 2 A
6.139 CHaCH(C2H5)2 B
6.140 CHaClKCaHg) 2 A/B
6.141 CllaCH(CH3)2 A m/e: 784

(M+, Cl(5H72O9Si)
6.142 CHaCH(CH3)2 B m/e: 784

(M , Ct,5F72O9Si)
6.143 CllaCH(CH3 ) 2 A/B
6.144 CHaC(CH3)=CH2 A
6.145 CHaC(CH3)=CH3 B
6.146 CHaC(CH3)=CHa A/B
6.147 CHa-1-Methylcyclopropyl A
6.148 CHa-l-Methylcyclopropyl B
6.149 CHa-1-Methylcyclopropyl A/B

and the corresponding compounds 7.1 to 7.149 in which X, Rj and R3 have 
the meanings given for compounds 6.1 to 6.149 in Table 6, and Ra repre­
sents isopropyl; and also the corresponding compounds 8.1 to 8.149 in
which X, Ri and R3 have the meanings given for compounds 6.1 to 6.149 in
Table 6, and Ra represents sec.-butyl.

X

Comp.No
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Formulation examples for active ingredients of formula I
(throughout, percentages are by weight)

Wettable powders a)> b) c)
active ingredient from the Tables 25 % 50 % 75 %
sodium lignosulphonate 5 % 5 % -
sodium laurylsulphate 3 % - 5 %
sodium diisobutylnaphthalene-
sulphonate - 6 % 10 %
octylphenol polyethylene glycol
ether (7-8 moles of ethylene oxide) - 2 % -
highly dispersed silicic acid 5 % 10 % 10 %
kaolin 62 % 27 % -

The active ingredient is thoroughly mixed with the adjuvants and the
mixture is thoroughly ground in a suitable mill, affording wettable 
powders which can be diluted with water to give suspensions of any 
desired concentration.

• · e
t · »
* ft ft

ft a o
< ft ft

ft » «

ft ft ® ft 
ft ft 4»
ft ft

ft « ft ft 
ft ft ·
I ft

ft ft <
• · «

♦ ft «

Emulsifiable concentrate
active ingredient from the Tables 10 5'> 
octylphenol polyethylene glycol
ether (4—5 moles of ethylene oxide) 3 % 
calcium dodecylbenzenesulphonate 3 % 
castor oil polyglycol ether
(36 moles of ethylene oxide) 4 % 
cyclohexanone 30 % 
xylene mixture 50 %

i

Emulsions of any required concentration can be obtained from this concen­
trate by dilution with water.

Dusts
active ingredient from the 
talcum
kaolin

a) b)
Tables 5 % 8

95 % -
- 92

► s
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Ready for use dusts are obtained by mixing the active ingredient with the 
carrier and grinding the mixture in a suitable mill.

I

i

; *
< » 

t i «
r

* t « 

t <
i

. «

< i
< <

■ i
I

« ♦ βι
* ft

< β ft

I © ft
I ft

4 ft ft

4 «· ft
t ft 

ft

ft ♦ 
ft ft 
ft

ft « 
• ft 

ft

ft 
*

♦ 
« t

Extruder granulate
active ingredient from the Tables 
sodium lignosulphonate 
carboxymethylcellulose
kaolin

10
2
1

87

%
%
%
%

The active ingredient is mixed and ground with the adjuvants, and the 
mixture is moistened with water. The mixture is extruded and then dried 
in a stream of air·

Tablets or boll

I an active ingredient
from the Tables
methyl cellulose
highly dispersed silicic acid 
maize starch

in

33.0 %
0.80 :
0.80
8.60 !

%
%
%

and allowed to swell; thewater
give a homogeneous suspension. The 

starch are mixed and the
to

The methyl cellulose is stirred 
silicic acid is then stirred in 
active ingredient and the maize
suspension is added to this mixture, which is kneaded to 
paste is granulated through a sieve (12M 
then dried.

mesh width) and

aqueous
a paste. This
the granulate is

II crystalline lactose 
maize starch 
microcrystalline cellulose 
magnesium stearate

22.50
17.00
16.50
1 .00

%
%
%
%

All four adjuvants are thoroughly mixed.

Phases I and XI are mixed and compressed to form tablets or boli.
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Injectable formulations

A. Oily vehicle (slow release)
an active ingredient f, om the Tables 
groundnut oil

an active ingredient from the Tables 
sesame oil

Preparation: The active ingredient is 
while stirring
solution is made up to the
suitable 0.22 pm membrane

0.1-1.0 g
ad 100 ml

0.1-1.0 g
ad 100 ml

dissolved in a portion of the oil
after cooling the 

through a
and, if necessary, while heating gently;

required volume and sterile-filtered 
filter.

a

I ft « 
< « β

» 4ft

t 4 ft 
t δ ft
i « e

I I 4 ft
II «
t «

I « 4 *
« I 4
I <

«4 4
« « *

» « «

B. Water-miscible solvent (medium rate of release)

an active ingredient from the Tables 0.1-1.0 g
4-hydroxymethyl-l,3-dioxolan
(glycerol formal) 40 g
1,2-propanediol ad 100 ml

an active ingredient from the Tables 0.1-1.0 g
glycerol dimethyl ketal 40 g
1,2-propanediol 100 ml

Preparation: The active ingredient is dissolved in a portion of the 
solvent while stirring and the solution Ls made up to the required volume 
and sterile-f11tered through a suitable 0.22 pm membrane filter.

C. Aqueous solubilisate (rapid release)

an active ingredient from the Tables 0.1-1.0 g
polyethoxylated castor oil
(40 ethylene oxide units)* 10 g
1,2-propanediol 20 g
benzyl alcoh 1 1 g
aqua ad. inject. ad 100 ml i
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^Commercially available under the name CREMOPHOR® EL (BASF AG);

an active ingredient from the Tables 0.1-1.0 g
polyethoxylated sorbitan monooleate
(20 ethylene oxide units8 g 
4-hydroxymethyl-l,3-dioxolan
(glycerol formal) 20 g
benzyl alcohol 1 g
aqua ad. inject. ad 100 ml

Commercially available under the name TWEEN® 80 (ICI);

Preparation: The active ingredient is dissolved in the solvents and the 
surfactant and made Up to the required volume with water. Sterile- 
filtration through a suitable membrane filter of 0.22 pm pore diameter.

The aqueous systems can be used advantageously also for oral and/or 
intraruminal administration.

If the active ingredients of formula I or compositions containing them 
are used for controlling endoparasitic nematodes, cestodes and trematodes 
in domestic animals and productive livestock, for example cattle, sheep, 
goats, cats and dogs, they can be administered to the animals in both 
single and repeated doses, and depending upon the species of animal, the 
individual doses are preferably from 0.1 to 10 mg/kg of body Weight. A 
better action is often achieved by protracted administration, or lower 
total doses may also suffice, The active ingredient, or compositions 

l

containing it, can also be added to feeds or drinks. The ready-prepared 
feed contains the active ingredient combinations preferably in a concen­
tration of from 0.005 to 0.1 % by weight. The compositions can be admini­
stered to the animals perorally in the form of solutions, emulsions, 
suspensions, powders, tablets, boli or capsules. If the physical and 
toxicological properties of solutions or emulsions permit it, the com­
pounds of formula I, or compositions containing them, can also be 
administered to ths animals, for example, by subcutaneous injection or

I



1

intraruninally, or can be applied to the. bodies of the animals by the 
pour-on method. Administration of the active ingredient to animals by 
means of salt licks or molasses blocks is also possible.

Biological examples

0 0 O 
c o a

© 9 9
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B-l. Action against Li larvae of Lucilia serjcata

1 ml of an aqueous suspension of test compound is mixed with 3 ml of a 
special larval culture medium at about 50°C such that a homogeneous 
composition containing 250 ppm or 125 ppm of active ingredient is 
obtained. About 30 Lucilia sericata larvae (Li) are put into each test 
tube sample. A mortality count is made after 4 days. The compounds of 
formula I, such as, for example, Nos 3.2, 3.6, 3.7, 3.10, 3.34 and 3.38, 
achieved 100 % action at 125 ppm.

B-2. Aaricidal action against Boophilus microplus (Biarra strain)

Adhesive tape is so applied horizontally across a PVC plate that 10 
female Boophilus microplus ticks (Biarra strain), fully replete with 
blood, can be affixed thereto, by their backs, side by side in a row. 
Each tick is injected from an injection needle with 1 μΐ of a liquid 
which represents a 1:1 mixture of polyethylene glycol and acetone, in 
which mixture a specific amount of active ingredient of 1.0 pg per tick 
is dissolved. Control ticks are injected with liquid that dobs not con­
tain the active ingredient. After this treatment, the ticks are kept in 
an insectarium under normal conditions at about 28°C and 80 % relative 
humidity until oviposition has taken place and the larvae have hatched 
from the eggs of the control ticks.

Compounds of formula I, such as, for example, those of the Preparation 
Examples, at this concentration have the effect that even after 30 days 9 
out of 10 female ticks (= 90 lay eggs from which larvae are unable to 
hatch.

I

l
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Β-3. Trial with sheep infected with nematodes
(Haemonchus contortus and Trichostrongylus colubri formis)

The test compound is administered in the form of a suspension with a 
stomach probe or by intraruminal injection to sheep which have been 
artificially infected with Haemonchus contortus and Trichostrongylus 
colubriformis. 1 to 3 animals are used for each dose. Each sheep is 
treated only once with a single dose of 1 mg or 0.2 mg/kg of body weight. 
Evaluation is made by comparing the number of worm eggs excreted in the 
faeces of the sheep before and after treatment. Sheep injected simul­
taneously and in the same manner but untreated are used as controls. In 
this test, compounds of formula I, such as, for example, those of the

‘ Preparation Examples, exhibit a good action at a dose of 0,2 mg/kg, that 
t it

is to say in comparison with untreated and infected control groups, the 
/*'* treated sheep exhibit no nematode infestation (- complete reduction of 
tit

’ the number of worm eggs in the faeces).
4 ’ ’· r

B-4. Larvicidal action against Aedes aegypti

A 0,1 % solution of the test compound in acetone is pipetted onto the 
surface of 150 ml of water in beakers in amounts sufficient to give 
concentrations of 10 ppm, 3,3 ppm and 1.6 ppm. After the acetone has 
evaporated, about 30 to 40 three day-old Aedes larvae are put into each 

» ' «' beaker. Mortality counts are made after 1, 2 and 5 days,

In this test, compounds of formula I, such as, for example, those of the 
1« H
» ,/ Preparation Examples, achieved complete kill of all larvae after 1 day at
·**·,· a concentration of 1.6 ppm,

B-5. Mllbicidal action against Dermanyssus gallinae

2 to 3 ml of a test solution (100, 10, 1 and 0.1 ppm of test compound) 
are put into a glass container which is open at the top, and about 
200 mites in different stages of development are put into the container. 
The glass container is then sealed with cotton wool and shaken uniformly 
for 10 minutes until the mites are completely wetted. The container is 
then inverted until excess test solution has been absorbed by the cotton
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wool. The container is again inverted and the treated mites are kept 
under observation for 3 days under laboratory conditions to evaluate the 
effectiveness of the test compounds, mortality being the criterion for 
effectiveness.

Compounds of formula I, such as, for example, those of the Preparation 
Examples, are 100 % effective at 100 ppm.
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The claims defining the invention are as follows:
1. A compound of formula I

• —- ·
R30~X'

/X A• ·I I• ·
!''oTr!
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25

the groups -CH(OR^)-, -0(=0)- or -C(=N-OH)-; 
group;
sec,-butyl or the group

in which
X represents one of
R^ represents hydrogen or a OH-protecting 
R2 represents methyl, ethyl, isopropyl or 
-C(CH3)=CH-A in which A represents methyl, ethyl or isopropyl; and
R3 represents hydrogen; C^C^-alkyl; CpC^-alkyl substituted 
by at least one substituent selected from the group consisting of 
halogen, CpCg-alkoxy, C2-Cg-alkoxyalkoxy, C3-Cg-alkoxy- 
alkoxyalkoxy, C^ Cg-alkyl thio, C3-C7-cycloalkyl, C-j-Chalky 1- 
substltuted C3-C7-cycloalkyl, hydroxy, benzyloxy, CpCg-acyl 
derived from a straight-chain or branched alkanolc acid which is 
unsubstituted or substituted by halogen, and C-j-Cg-acy 1 oxy wherein 
the acyl moiety has the meaning given before, it being possible for each 
of the above-mentioned radicals representing or containing an alkoxy 
group to be terminally substituted at a terminal alkoxy group by hydroxy, 
halogen, C^-Cg-acyl derived from a straight-chain or branched 
alkanoic acid which is unsubstituted or substituted by halogen or by 
Cj-Cg-acyloxy wherein the acyl moiety has the meaning given before; 
c3-C7-cycloalkyl; C3-C7-cyc1oalkyl substituted by at least one 
substituent selected from the group consisting of halogen, and 
Ci-C3-alkyl; C3-C7-cycloalkenyl; C2-C10-alkenyl; Cg-C^- 
alkynyl; a radical selected from the group insisting of Cg^^io" 
alkenyl and C2-Ci0-alkynyl, which radical Is substituted by halogen, 
Cj-Cg-alkoxy or by C-]-Cg-acy 1 oxy wherein the acyl moiety has the 
meaning given before; l-adamantylmethyl; menthyl; carveyl; phenyl, 
benzyl; naphthyl; a radical selected from the group consisting of phenyl.

KXW:1399y

: ri

f' 
r ·

a
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5

benzyl and naphthyl, which radical is substituted by at least one 
substituent selected from the group consisting of halogen, C^-Cg- 
alkyl, C^-C3-haloalkyl, CpC^-alkoxy, C1-C3-haloalkoxy,
Cj-C3-alkylthio, nitro and cyano; benzyl substituted by a phenoxy 
group; or a four- to six-membered heterocyclic radical that has from one 
to

Ο O 4
Q 0 e

0 0 0

a ft $ β
ft 4

0 ft 0 «

ft ft ft 
ft ft ft 
IM ft

«8 It 
t i t

13997
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three hetero atoms selected from the group consisting of oxygen, sulphur 
and nitrogen and that is unsubstituted or is substituted by at least one 
substituent selected from the group consisting of halogen, Ci-Cq-alkyl, 
C χ-C 3-haloalky 1.-, Ci-C3-alkoxy, Ci-C3-haloalkoxy, CJ-C3-alkylthio, nitro 
and cyano, it being possible for the said heterocyclic radical also to be 
bonded via a Gx-Ce-alkylene bridge to the oxygen atom in the 5'-position 
of the tetrahydrofuran ring.

2. A compound of formula I according to claim 1, in which
X represents one of the groups -CH(ORx)- and 
Rx represents hydrogen or a OH-protecting group; 
R2 represents methyl, ethyl, isopropyl or sec.-butyl; and 

”« 5 R3 represents hydrogen; Οχ-Gxo-alkyl; Οχ-Gjo-alkyl substituted by at β ftβ ' :
«·«» least one substituent selected from the group consisting of halogen, 
ft ft 4 ft,, Ci-Cf,-alkoxy, Ca-Cfi-alkoxyalkoxy, Gi-Cs-alkoxyalkoxyalkoxy, Cx-C&-alkyl- 
” ’ thio, C3-C7-cycloalkyl, hydroxy and Gi-Cc-acyl, it being possible for
: If : '

‘ each of the above-mentioned radicals representing or containing an alkoxy 
group to be terminally substituted at a terminal alkoxy group by hydroxy^ 
halogen, Cx-Cc-acyl or by Cx-CG-acyloxy; an ethyl group substituted by 
benzyloxy; c3-C7-cycloalkyl; G3-C7-cycioalkyl substituted by at least one

‘ substituent selected from the group consisting of halogen and c 
alkyl; Gjj-Cr-cycloalkenyl; Ca-Cxo-alkenyl; Cg-Cxo-alkynyl; a rar Ί 
selected from the group consisting of Cs-Cxo-alkenyl and Cn-Cio-al.- ■ , 
which radical is substituted by halogen, Οχ-Co-alkaxy or by Cx-CG-acyl* 
oxy; 1-adamantylmethy.l; menthyl; carveyl; phenyl; benzyl; naphthyl; a 
radical selected from the group consisting of phenyl, benzyl and 
naphthyl, which radical is substituted by at least one substituent 
selected from the group consisting of haXogeti, Ci-Ca-alkyl, Cx-Ca-hnlo- 
alkyl, Ci-C3-alkoxy, Gi-Ca-haloalkoxy, Gx-Cs-alkylthio, nitro and cyano; 
benzyl substituted by a phenoxy group; or a four- to six-membered heteraa 
cyclic radical that has from one to three hetero atoms selected from the 
group consisting of oxygen, sulphur and. nitrogen and that is unsub­
stituted or is substituted by at least one substituent selected from the 
group consisting of halogen, Ci-Cj-alkyl, Gi-Gx-haloalkyl, Cx-Cx-alkoxy, 
Ci-Cj-haloalkoxy, Gx-Ca-alkylthio, nitro and cyano> it being jms^ible for 
the said heterocyclic radical also to be bonded via a Gx-G&-a.tfeylene 
bridge to the oxygen atom in the 5'-position of the tetrahydrofbran ring·
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3. A compound of formula I according to claim 2, in which X represents 
-CH(ORi)-; Ri represents hydrogen or a OH-protecting group; and Rg and R3 
have the meaning given in claim 2.

4. A compound of formula I according to claim 1, in which
X represents -CH(ORi)-;
Ri represents hydrogen or a OH-protecting group;
Ra represents methyl, ethyl, isopropyl or sec.-butyl; and
I<3 represents hydrogen; Ci-C10-alkyl; Ci-Cjo-alkyl substituted by at 
least one substituent selected from the group consisting of halogen, 
Ci’-Cc-alkoxy, Ct>-Cc-alkoxyalkoxy, Ca-Cg-alkaxyalkoxyalkoxy, Cj-CG-alkyl- 
thio, Cs-Cy-cyclnalkyl, hydroxy and Ci-Cc-acyl, it being possible for 
each of the above-mentioned radicals representing or containing an alkoxy 
group to be terminally substituted at a terminal alkoxy group by hydroxy, 
halogen, Ci-Ce-acyl or by Ci-CG-acyloxy; Cj-Cy-cycloalkyl; Cj-Cy-cyclo- 
alkyl substituted by at least one substituent selected from the group 
consisting of halogen and Ci-Cj-alkyl; Ca^Cg-cycloalkenyl; Cj-Cjq- 
alkenyl; Cg-Cio-alkynyl; a radical selected from the group consisting of 
Cp.-’Cio-alkenyl and Ca-Ci o-alkynyl, which radical is substituted by 
halogen, Cj-CG-alkoxy or by Ci-Ct-acyloxy; 1-adamantylmethyl; menthyl; 
carveyl; phenyl; benzyl; naphthyl; a radical selected from the group 
consisting of phenyl, benzyl and naphthyl, which radical is substituted 
by at least one substituent selected from the group consisting of 
halogen, Gj-Ca-alkyl, Ci-C3"haloalkyl* Cj-Ga-alkoxy, Ci-Ca-haloalkoxy, 
Ci-Ci-alkylthio, nitro and cyano; or a four- to six-membered heterocyclic 
radical that has from one to three hetero atoms selected from the group 
consisting of oxygen, sulphur and nitrogen and that is unsubstitut&d or 
is substituted by at least one substituent selected from the group con­
sisting of halogen, Ci-Ca-alkyl, Ci-Ca-haloalkyl, Ci-('>3-alkoxy, C1-C3- 
haloalkoxy, Ci-Ca-alkylthio, nitro and cyano, it being possible for the 
said heterocyclic radical also to be bonded via a Ci-Cfi-alkylene bridge 
to the oxygen atom in the 5’-position of the tetrahydrofuran ring.

5. A compound of formula I according to claim 4, in which X represents 

-CH(QRi)- and Ri represents hydrogen. Ri|-C(0)- or —Si(Rs) (Rg) (R7) J 
wherein Rit represents Cj-Cio-alkyl, Ci-CiQ-haloalkyl or a radical

-f 1 
Γ

L
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ί selected from the group consisting of phenyl and benzyl, which radical is 
unsubstituted or is substituted by at least one substituent selected from 
the group consisting of halogen, Ci-C3~alkyl, C3-C3-haloalkyl, Ci-C3- 
alkoxy, Ci-C3-haloalkoxy, cyano and nitro, and R5, Rs and R7, inde­
pendently of one another, represent Ci-CG-alkyl, benzyl or phenyl; R2 
represents methyl, ethyl, isopropyl or sec.-butyl; and R3 represents 
hydrogen, Ci-Cs-alkyl; Ci-Cs-alkyl substituted by at least one substi­
tuent selected from the group consisting of halogen, Ci-C3-alkoxy, C2-CG- 
alkoxyalkoxy, C3-C9-alkoxyalkoxyalkoxy, Ci-C3-alkylthio, C3-C7-cyclo- 
alkyl, hydroxy and Ci-Cc-acyl, it being possible for each of the above­
mentioned radicals representing or containing an alkoxy group to be 
terminally substituted at a terminal alkoxy group by hydroxy, halogen, 
Ci-Cc-acyl or by Cj-Cs-acyloxy; C3-C7-cycloalkyl; C3-C7-cycloalkyl sub­
stituted by at least one substituent selected from the group consisting 
of fluorine, chlorine, bromine and methyl; Ca-CG-alkenyl*, C2-CG~alkynyl; 
a radical selected from the group consisting of C2-C6-alkenyl and C2-CG- 
alkynyl, which radical is substituted by fluorine, chlorine, bromine, 
Cj-Ci-alkoxy or by Gi-Co-acyloxy; phenyl; benzyl; a-naphthyl; β-naphthyl; 
a radical selected from the group consisting of phenyl, benzyl, 
α-naphthyl and β-naphthyl, which radical is substituted by at least one 
substituent selected from the group consisting of fluorine, chlorine, 
bromine, methyl, methoxy, CF3, CF3O, GH3S, nitro and cyano; or a four- to 
six-membered heterocyclic radical that has from one to three hetero atoms 
selected from the group consisting of oxygen, sulphur and nitrogen and 
that is unsubstituted or is substituted by at least ane substituent 
selected from the group consisting of fluorine, chlorine, bromine, 
methyl, ethyl, CF3, CR3O, CF3O, CH3S, Aitro and cyano, it being possible 
for the said heterocyclic radical also to be bonded via a Cj-CG-alkylene 
bridge to the oxygen atom in the 5'-position of the tetrahydrofuran ring.

6. A compound of formula I according Lj claim 5, in which X represents 
-’GH(ORi)- and R3 represents hydrogen, Rt|-C(O)- er -Si(Rs)(Re)(R7); 
Wherein Ri, represents Cj-Gio~alkyl, Ci-Gio-haloalkyl or a radical 
selected from the group consisting of phenyl and benzyl, which radical is 
UnsubstitUted or is substituted by at least one substituent selected fijm 
the group consisting of halogen, Ci-C3-alkyl, Ci-Ca-haloalkyl, C1-C3- 
alkoxy, Ci~C3-haloalkoxy, cyano and nitro, and Rj, Rg and R7, ipde-
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pendently of one another, represent Ci~Ci|-alkyl, benzyl or phenyl; R2 
represents methyl, ethyl, isopropyl or sec.-butyl; and R3 represents 
Ci-Cs-alkyl, or Ci-Cs-alkyl substituted by at least one substituent 
selected from the group consisting of halogen, Ci-C3-alkoxy, C2-Cg- 

alkoxyalkoxy, C3-C5-alkoxyalkoxyalkoxy, Ci-C3-alkylthio, C3-C7-cyclo- 
alkyl, hydroxy and Ci-Cc-acyl, it being possible for each of the above­
mentioned radicals representing or containing an alkoxy group to be 
terminally substituted at a terminal alkoxy group by hydroxy, halogen, 
Ci-Ce-acyl or by Ci-CG-acyloxy.

1

• « I
• <. <

· « t

« « « <
» t

♦ ♦ < <

9 · 4
« · t
Mt «

• · M
• r e
• t

t MM « 
t «

t « » 
t * #

( « «

t · <
« 4 «

4 4 «

* » 
t t

7. A compound of formula I according to claim 5, in which X represents 
-CHCORi)- and Ri represents hydrogen, Rij-C(O)- or -Si(Rs) (Rg ) (R?) > 
wherein Ri| represents Ci-Cio-alkyl, Ci-Cio-haloalkyl or a radical 
selected from the group consisting of phenyl and benzyl, which radical is 
unsubstituted or is substituted by at least one substituent selected from 
the group consisting of halogen, Ci-C3-alkyl, Ci~C3-haloalkyl, C1-C3- 
alkoxy, Ci-C3-haloalkoxy, cyano and nitro, and Rs, Rs and R7 , inde­
pendently of one another, represent Ci—Ci,-alkyl, benzyl or phenyl; R2 
represents methyl, ethyl, isopropyl or sec.-butyl; and R3 represents 
Cj-C7-cycloalkyl; C3~C7-cycloalkyl substituted by at least one sub­
stituent selected from the group consisting of fluorine, chlorine, 
bromine and methyl; C2-CG-alke.nyl; Cj-Ce-alkynyl; a radical selected from 
the group consisting of Cs-Cs-alkenyl and C2-CG-alkynyl, which radical is 
substituted by fluorine, chlorine, bromine, Ci-C3-alkoXy or by Ci-Co- 
acyloxy; phenyl; benzyl; «-naphthyl; β-naphthyl; a radical selected from 
the group consisting of phenyl, benzyl, α-naphthyl and β-naphthyl, which 
radical is substituted by at least one substituent selected from the 
group consisting of fluorine, chlorine, bromine, methyl, methoxy, CF3, 
CF3O, CH3S, nitro and cyano; or a four- to six-membered heterocyclic 
radical that has from one to three hetero atoms selected from the group 
consisting t"f oxygen, sulphur and nitrogen and that is unsubstituted or 
is substituted by at least one substituent selected from the group 
consisting of fluorine, chlorine, bromine, methyl, ethyl, CF3, CH3O, 
CF3O, CH3S, nitro and cyano, it being possible for the said heterocyclic 
radical also to be bonded via a Ci-Cg-alkylene bridge to the oxygen atom 
in the 5'-positlon of the tetrahydrofuran ring.

i
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8. A compound of formula I according to claim 5, in which X represents 
-CH(ORi )- and Ri represents hydrogen, Ri(-C(O)- or -Sl(R5)(Re)(R7) ; 
wherein Ri, represents Cj-Cio-alkyl, C1-C1o-haloalkyl or a radical 
selected from the group consisting of phenyl and benzyl, which radical is 
unsubstituted or is substituted by at least one substituent selected from 
the group consisting of halogen, Gi-C3-alkyl, Ci~C3~haloalkyl, C1-C3- 
alkoxy, Ci-C3-haloalkoxy, cyano and nitro, and R5, Κε and R7, inde­
pendently of one another, represent Ci-Cif-alkyl, benzyl or phenyl; Ra 
represents methyl, ethyl, isopropyl or sec.-butyl; and R3 represents 
phenyl, benzyl, a-naphthyl, β-naphthyl or a radical selected from the 
group consisting of phenyl, benzyl, α-naphthyl and β-naphthyl, which 
radical is substituted by at least one substituent selected from the 
group consisting of fluorine, chlorine, bromine, methyl, methoxy, GF3, 
CF3O, CH3S, nitro and cyano.

9. A compound of formula I according to claim 5, in which X represents 
-CH(ORi)- and Ri represents hydrogen, Rm-CXQ)- or -Si(R<-)(R6)(R7); 
wherein Rit represents C1-C1 o-alkyl, Cj-Ci Q-haloalkyl or a radical 
selected from the group consisting of phenyl and benzyl, which radical is 
unsubstituted or is substituted by at least one substituent selected from 
the group consisting of halogen, Ci-Cj-alkyl, Ci-Cj-haloalky], C1-C3- 
alkoxy, Ci-C3-haloalkoxy, cyano and nitro, and R5, Re and R7, inde­
pendently of one another, represent Ci-Ci|-alkyl, benzyl or phenyl, Ra 
represents methyl, ethyl, isopropyl or sec.-butyl; and R3 represents a 
four- to six-membered heterocyclic radical that has from one to three 
hetero atoms selected from the group consisting of oxygen, sulphur and 
nitrogen and that is unsubstituted or is substituted by at least one 
substituent selected from the group consisting of fluorine, chlorine, 
bromine, methyl, ethyl, CF3, CH3O, CF3O, CH3S, nitro and cyano, it being 
possible for the said heterocyclic radical also to be bonded via a 
Ci-Cc-alkyiene bridge to the oxygen atom in the 5'-position of the tetra- 
hydrofuran ring.

10. A compound of formula I according to claim 9, in Which X represents
-CH(ORi)- and Ri represents hydrogen, Ri|-0(0)- or -Si(R5)(R6)(R7);
wherein Rt| represents C1-C1 o-alkyl, Ci-Gio-haldalkyl or a radical
selected from the group consisting of phenyl and benzyl, which radical is
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unsubstituted or is substituted by at least one substituent selected from 
the group consisting of halogen, Ci-C3-aIkyl, Cj-C3-haloalkyl, C1-C3- 
alkoxy, C i-C3-haloalkoxy, cyano and nitro, anct Rs, R& and R7. inde­
pendently of one another, represent Cl-C4-alkyl, benzyl or phenyl; Ra 
represents methyl, ethyl, isopropyl or sec.-butyl; and R3 represents a-un-saturatod-or preferably- catu-ga-ted· four-membered heterocyclic radical 
having a hetero atom selected from the group consisting of oxygen, 
nitrogen and sulphur, or represents furan, thiophene, pyrrole, isoxazole, 
isothiazole, furazan, imidazole, 1,2,4-triazole, 1,2,3-triazole, 
pyrazole, pyrroline, oxazole, thiazole, thiadiazoles, pyrazoline, 
thiazoline, pyrazolidine, pyrrolidine, oxazolidine, thiazolidine, oxa- 
diazole, imidazoline, imidazolidine, pyrazolidine, tetrahydrofuran, 
pyridine, pyridazine, pyrimidine, pyrazine, thiazine, thiadiazines,

■ L pyrans, piperidine, piperazine, morpholine, perhydrothiazine or dioxan, 

", it being possible for the said heterocyclic radical also to be bonded via 
t
. a Ci-Ci(-alkylene bridge to the oxygen atom in the 5'-position of the
' tetrahydrofuran ring.

i.

!*'. 11. A compound of formula I according to claim 1, in which X represents
• I»

·<<! -CH(ORi)- and Ri represents hydrogen; Ra represents ethyl; and R3
t t ♦

represents Ci|-Cs-alkyl, Ci.-CG-cycloalkyl, Cq-Cd-cycloalkyl bonded via 
methyl, or phenyl, benzyl of «-methylbenzyl.

12. A compound of formula I according to claim 1 in which R2 represents
; methyl or ethyl and X and R3 have the meanings given in claim 1.
t »
lit

* 1 1 1

13. A compound of formula I according to claim 12, in Which Rj represents 
ethyl.

14. A compound of formula I according to claim 4, selected from the 
group:
milbemycin Ai|-13-spiro-2'-i5'-(2"-ethoxyethoxy)-tetrahydrofuran], 
milbemycin Ai!-13-spiro-2 '5'-(2" , 2 "-dimethylpropoxy)- tetrahydro furan], 
milbemycin Ai,-13-spiro-2'-(5'-cyclohexyloxytetrahydrofuran] ,
milbemycin Ai|-13-spiro-2 '-[S'-benzyloxytetrahydrofuran],
milbemycin Ai|-13-spiro-2 1-[5'-{2"-(2"'-(methoxyethoxy)-ethoxy]-tetra-

1
.
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milbemycin A4-13-spiro-2,-[5,-{2,,-(2",-hydroxymethoxy)-ethoxy)- 
ethoxyj-tetrahydrofuran] ,
mi 1bemycin A4-13-spiro-2'-[5'-{2"-(2""-(chloroacetoxy)-ethoxy)- 
ethoxy)-ethoxy]-tetrahydrofuran]
milbemycin
mi 1bemycin

15.
the group:
furan! and
furan].

16.

,
A4-l3-spiro-2’-[5’-methoxytetrahydrofuran], and 
A4-l3-sp1ro~2'-[5'-(2"-hydroxyethoxy)-tetrahydrofuran] .
A compound of formula I according to claim 11, selected from 
mi 1bemyci n A^-l3-spi ro-2'-[5'-¢2"-methy1butoxy)-tetrahydro- 
mi1bemyci n A4-l3-spi ro-2'-[5'-(1"-methylpropoxy)-tetrahydro-

A process for the preparation of a compound of formula I 

?h3 ,ch3
,·-· k · Η O · ·

R3O~<- 1 A
V’.\ 15
HjC’ II „ I\ M

ii noi/

O H R2

(I)

-C(«0>- or -C(=N-OH>-;
group;
sec.-butyl or the group

in which
X represents one of the groups -CH(ORp~, 
R^ represents hydrogen or a OH-protectlng 
Rg represents methyl, ethyl, Isopropyl or 
-C(CH3)=CH-A in which A represents methyl, ethyl or isopropyl; and
R3 represents hydrogen; C^C^-alkyl; C1 -CjQ-alky 1 substituted 
by at least one substituent selected from the group consisting of 
halogen, C^-Cg-alkoxy, Cg-Cg-alkoxyalkoxy, C3-Cg-alkoxy- 
alkoxyalkoxy, CpCg-alkylthio, C3-C7-cycloalkyl, C1-C3-alkyl- 
substituted C3-C7-cycloalkyl, hydroxy, benzyloxy, Cy-Cg-acyl 
derived from a straight-chain or branched alkanoic acid which is 
unsubstituted or substituted by halogen, and C.|-Cg-acyl oxy wherein 
the acyl moiety has the meaning given before, it being possible for each 
of the above-mentioned radicals representing or containing an alkoxy 
group to be terminally substituted at a terminal alkoxy group by hydroxy, 
halogen, C-j-Cg-acyl derived from a straight-chain or branched 
alkanoic acid which 1s unsubstituted or substituted by halogen, or by 
CpCg-acyloxy wherein the acyl moiety has the meaning given before; 
C3-C7-cycloalkyl; C3-C7-cydoalky1 substituted by at least one

30
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substituent selected from the group consisting of halogen and C^-Cg- 
alkyl; C3-C7~cycloa1kenyl; Cg-C^-alkenyl; C2-C10alkynyl; a 
radical selected from the group consisting of C2-C10-alkenyl and 
Cg-CiQ-alkynyl, which radical is substituted by halogen,

5 C-j-Cg-alkoxy or by C^-Cg-acyloxy wherein the acyl moiety has the
meaning given before; 1-adamantylmethyl; menthyl; carveyl; phenyl;
benzyl; naphthyl; a radical selected from the group consisting of phenyl, 
benzyl and naphthyl, which radical is substituted by at least one 
substituent selected from the group consisting of halogen, C^-Cg-

10 alkyl, C^-C3-haloalkyl, C^-C3-alkoxy, CpCg-haloalkoxy,
C-|-C3-alkylthio, nitro and cyano; benzyl substituted by a phenoxy
group; or a four- to six-membered heterocyclic radical that has from one 

°0 to three hetero atoms selected from the group consisting of oxygen,
.*“% sulphur and nitrogen and that is unsubstituted or is substituted by at β β β ·
j /♦/ 15 least one substituent selected from the group consisting of halogen,
’**,* CpCg-alkyl, C-j-C3-haloalky 1, CpC3-alkoxy, C^-C3-
’ ’s haloalkoxy, C^-C^al kyl thio, nitro and cyano, it being possible for

the said heterocyclic radical also to be bonded via a C^Cg-alkylene 
bridge to the oxygen atom in the Ξ’-position of the tetrahydrofuran ring, 

20 characterised in that a compound of formula II

!·

I

!

<

(II),

in which and R2 have the definitions given under formula I and
25 R1Q and R^ , independently of one another, represent CpCg-alkyl 

or together form a C2-C^Q-alkylene bridge, is reacted in the presence 
of an acid catalyst in an inert solvent with a compound of formula III

r3oh (III),

in which R3 has the definition given under formula I, and, if desired, 
30 the resulting compound of formula Ic

KXW:1399y

/
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(Ic),

in which Rj, 
converted by

R2 and R3 have the meanings given for formula I, is
mild oxidation into a corresponding compound of formula lb

(lb),

and Rj have the meanings given for formula Ic, and, ifin which R2
desired, the compound of formula lb is converted by reaction with 
hydroxylamine or a salt thereof into the corresponding compound of 
formula la

R30~·

(la)

in which R2 and R3 have the meanings given for formula lb.
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17. A process for the preparation of a compound of formula II 
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in which Ri and Ra have the definitions given under formula I and Rio and
Ri i, independently of one another, represent Ci-Co-alkyl or together form 
a Cg-Cio-alkylene bridge, characterised in that a compound Of formula IV

t

in which Ra has the definition given under formula I and Ria represents 
hydrogen or a silyl group, is reacted in an inert solvent with a Grignard 
reagent of formula V

|ίΐ-οχ
iio-0z (V)

in which Rio and Rn, independently of one another, represent Ci-Go-alkyl 
or together represent a C2-Cio-alkylene bridge.

18. A composition for controlling ecto- and endo-parasites in productive
livestock or for controlling pest insects, characterised in that, in
addition 'to customary carriers and dispersing agents, it contains a
compound of formula I
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in which
X represents one of the groups -CH(ORi)-, -0(=0)- or -G(=N-OH)-;
Ri represents hydrogen or a OH-protecting group;
R2 represents methyl, ethyl, isopropyl or sec.-butyl or the group 
-C(CH3)=CH-A in which A represents methyl, ethyl or isopropyl; and 
Rs represents hydrogen; Ci-Cjo-alkyl; Ci-CiQ-alkyl substituted by at 
least one substituent selected from, the group consisting of halogen, 
Ci-CG-alkoxy, Cg-Cg-alkoxyalkoxy, Cg-Cg-alkoxyalkoxyalkoxy, Ci-Cfi-alkyl- 
thioj C3-C7--cycloalkyl, Ci-C3-alkyl-substituted C3-C7-cycloalkyl, 
hydroxy, benzyloxy, Ci-Cfi-acyl and Ci-CG-acyloxy, it being possible for 
each of the above-mentioned radicals representing or containing an alkoxy 
group to be terminally substituted at a terminal alkoxy group by hydroxy, 
halogen, Ci-Cc-acyl or by Ci-Ce-acyloxy; Cj-Cy-cycloalkyl; C3-C7-cyclo- 
alkyl substituted by at least one substituent selected from the group 
consisting of halogen and Ci~C3-alkyl; C3-C7-cycloalkenyl; C2-Cto- 
alkenyl; G2-Cjo-alkynyl; a radical selected from the group Consisting of 
C2-Cio-alkenyl and C2-Ci tj-alkynyl. ^hich radical is substituted by 
halogen, Ci-Co-alkoxy or by Ci-Gc-acyloxy; 1-adamantylmethyl; menthyl; 
carveyl; phenyl; benzyl; naphthyl; a radical selected from the group 
consisting of phbnyl, benzyl and naphthyl, which radical is substituted 
by at least one substituent selected from the group consisting of 
halogen, Ci-C3-alkyl, Ci-C3-haloalkyl, Gi-G3-alkoxy, Ci-C3-haloalkoxy, 
Ci-C3-alkylthio, nitro and cyano; benzyl substituted by a phenoxy group; 
or a four- to six-membered heterocyclic radical that has from one to 
three hetero atoms selected from the group consisting of oxygen, sulphur 
and nitrogen and that is unsubstituted or is substituted by at least one 
substituent selected from the group consisting of halogen, Cj-Cj-alkyl, 
Ci“C3-haloalkyl, Gi-Cs-alkoxy, Gi-G3-haloalkoxy, Ci-C3-arkylthio, nitro

L
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and cyano, it being possible for the said heterocyclic radical also to be Ii

bonded via a Ci-Cc-alkylene bridge to the oxygen atom in the 5'-position
of the tetrahydrofuran ring.

19. A composition according to claim 18, characterised in that it 
contains as active ingredient a compound of formula I according to 
claim 11.

20. A method of controlling parasites in animals or of controlling insect 
pests, characterised in that a parasiticidally or insecticidally 

t
effective amount of a compound of formula

(I)

in which
X represents
Ri represents hydrogen or a Oil-protecting 
Rg represents methyl, ethyl, isopropyl or

one of the groups -CH(ORi)-, -0(=0)- er -C(=N-OH)-; 
group;
sec.-butyl or the group

—C(CH3)=CH—A in which A represents methyl, ethyl or isopropyl; and :
R3 represents hydrogen; Ci-Cjo-alkyl; Ci-Cio-alkyl substituted by at i
least one substituent selected from the group consisting of halogen,
Ci-Ci.5-alkoxy, Ca-Co-alkoxyalkoxy, Cs-Cg-alkoxyalkoxyalkoxy, Ci-Go-alkyl- 
thio-, C3~C7-cycloalkyl, Ci-C3~alkyl-substituted Ca-Cy-cycloalkyl, 
hydroxy, benzyloxy, Ci-06-acyl and Ci-Ce-acyloxy, it being possible for 
each of the above-mentioned radicals representing or containing an alkoxy 
group to be terminally substituted at a terminal alkoxy group by hydroxy, ,
halogen, Ci-Cc-acyl or by Gi-C&-acyloxy; Ca-G^-cycloalkyl; C3-C7-cyclo- |
alkyl substituted by at least one substituent selected from the gtoup 
consisting of halogen and Ci-Cj-alkyl; Ca-Gi-cycloalkenyl; Cg-Cio-

■ ... ■ I . ■ . .alkenyl; Cs-Cio-alkynyl; a radical selected from the group consisting of $(
Ca-Cio-alkenyl and C?.-Cio-alkynyl, which radical is substituted by p;

►,
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halogen, Ci-Cg-alkoxy or by Ci-Cfi-acyloxy; 1-adamantylmethyl; menthyl; 
carveyl; phenyl; benzyl; naphthyl; a radical selected from the group 
consisting of phenyl, benzyl and naphthyl, which radical is substituted 
by at least one substituent selected from the group consisting of 
halogen, Ci-C3-alkyl, Ci~C3-haloalkyl, Ci-C3-alkoxy, Cj-C3-haloalkoxy, 
Ci-C3-alkylthio, nitro and cyano; benzyl substituted by a phenoxy group; 
or a four- to six-membered heterocyclic radical that has from one to 
three hetero atoms selected from the group consisting of oxygen, sulphur 
and nitrogen and that is unsubstituted or is substituted by at least one 
substituent selected from the group consisting of halogen, Ci-C3-alkyl, 

: Ci-C3-haloalkyl, Ci-C3-alkoxy, Cj-Cs-haloalkoxy, Ci-Ca-alkylthio, nitro
and cyano, it being possible for the said heterocyclic radical also to be 

t ■ :
bonded via a Ci-Cc-alkylene bridge to the oxygen atom in the 5'-positlon 
of the tetrahydrofuran ring,

' is applied to the parasite, the insect pest or to the locus thereof.
it : :

21. A process according to claim 20, characterised in that the parasites 
are nematodes,

22 . A compound of formula IT

GH3

(IT)

in which Ri and Ra have tho definitions given under formula I and Rto and
Rli, independently of one another, represent Ci-Cc>-alkyl or together 
represent a C2-C10-alkylene bridge.

F0 7.5/SES/sm*
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23. A 13-spiro-2'-[tetrahydrofuran1-milbemycin derivative, 
substantially as hereinbefore described with reference to any one of 
Examples Hl to H23, 1.1 to 1.149, 2.1 to 2.149, 3.1 to 3.149, 4.1 to 
4.149, 5,1 to 5,149, 6,1 to 6.149, 7.1 to 7.149 or 8.1 to 8.149,

5 24. A process for preparing a 13-spiro-2'-[tetrahydrofuranl-
milbemycin derivative, which process is substantially as herein described 
with reference to any one of Examples HI to H23,

25. A 13-spiro-21 -Ctetrahydrofuran2-milbemycin derivative, 
whenever prepared by the process of claim 16 or claim 24,

10 26, A composition for controlling ecto- and endo-paras1tes in
productive livestock or for controlling pest insects comprising a 
compound as defined in claim 23 together with a paras 1tici dally or 
1nsectici dally acceptable carrier, diluent, excipient and/or adjuvant.

27, A composition for controlling ecto- and endo-parasites in
15 productive livestock or for controlling plant insects, substantially as 

hereinbefore described with reference to any one of the Formulation 
Examples,

28, A method of controlling parasites in animals or of controlling 
insect pests wherein an paras 111cidally or insecticidally effective

20 amount of a compound as defined in claim 23 or a composition as defined 
in claim 24 or claim 25 is applied to the parasite, the Insect pest or to 
the locus thereof.

29, A 13a-hydroxy-l3P-substituted milbemycin derivative as 
defined In claim 22, substantially as hereinbefore described with

25 reference to any one of Examples Al to A4.
30, A process for preparing a 13a-hydroxy-13p-substituted 

milbemycin derivative as defined in claim 22, substantially as 
hereinbefore described with reference to any one of Examples Al to A4.

31, A 13a-hydroxy-13P-substituted milbemycin derivative
30 whenever prepared by the process of claim 17 or 30,

DATED this NINETEENTH day of JUNE 1991 
Ciba-Geigy AG

Patent Attorneys for the Applicant 
SPRUSON & FERGUSON

- , . I :* >’


