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Abstract—A short, efficient synthesis of 4”~(R or S)-4”-deoxy-4"-amino-4"-C substituted avermectin B; and 4'~(R or S)-4’-deoxy-4'-
amino-4’-C substituted avermectin B; monosaccharide 3 and 4 has been developed through the nucleophilic addition of an organo-
metallic reagent to an intermediate phenylsulfinimide 7. These new derivatives of avermectin B, exhibited potent, broad spectrum

insecticidal activity.
© 2006 Elsevier Ltd. All rights reserved.

Avermectin B; is a member of the naturally occurring
macrocyclic lactones with high activity against mites,
dipterous leafminers, thrips and lepidoptera.' The suc-
cessful commercialization of the two members of the
class of avermectins in crop protection (abamectin and
emamectin) prompted us to investigate new interesting
analogues of avermectins (Fig. 1).

R, = Et (B,,)
R;=Me (B,,)

Figure 1. (1) Emamectin, (2) abamectin B;.
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One of the most promising classes of avermectins are the
4"-aminoavermectins. For example, the use of 4"-epi-
(methylamino)-4”-deoxyavermectin B; benzoate (ema-
mectin’s salt) as an agriculture insecticide has achieved
commercial success. Our interest in these complex
natural products has led to the preparation of a new
class of analogues having an quaternary carbon in the
4" position. Consequently, we became interested in
developing a practical synthesis of 3 and 4 that could
serve as a general route to 4”-(S or R)-4"-deoxy-4"-
amino-4"-C substituted avermectin B; and 4'-(S or

4:n=0or1

Figure 2. Targets.
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R)-4’-deoxy-4’-amino-4'-C substituted avermectin B,
monosaccharide (Fig. 2).

We have recently described the use of an intermediate
tert-butylsulfinimide in the synthesis of modified nucleo-
side building blocks.? We applied this concept to the
synthesis of 4”’-R and S-amino-4’-C-avermectin B,
derivatives and want to disclose our preliminary results.
Our initial approach towards the synthesis of sulfinimine
was to use the commercial (S)-tert-butylsufinamide.’
The classical method to synthesize sulfinimine involves
the reaction of a carbonyl compound with the (S)-zert-
butylsufinamide in the presence of tetraethyl orthotitan-
ate in THF at 60 °C. This experiment failed to provide
any of the desired compound with the 5-OTBDMS-4"-
deoxy-4"-oxo-avermectin Bj, even after extended reac-
tion times and elevated temperature. In addition we
tried, without success, other conditions such as azeotro-
pic distillation of water with benzene, with or without
copper sulfate. In every case, we obtained only the start-
ing material or decomposition products.

In order to solve this problem, we turned our attention
to the synthesis of S-phenylsulfinimines as an alternative
approach. It is known from the literature* that an oxime
derivative can react with the diphenyl disulfide and tri-
butylphosphine to give the corresponding S-phenylsulfin-
imine. The oxidation of this S-phenylsulfinimine could
give the desired sulfinimide.

All avermectin B; derivatives synthesized are a mixture
of By, and B}, components,’ present already in the com-
mercially available starting material. The required
oxime 5 was synthesized in one step from the corre-
sponding ketone in 90-94% yield.® The reaction of
oxime 5 with the diphenyl disulfide and tributylphos-
phine in tetrahydrofuran at 0 °C gave the S-phenylsul-
finimine 6 in 77-80% yield. The oxidation of 6 with
m-CPBA in a biphasic system gave a mixture of two dia-

OMe

OTBDMS

stereoisomers of the S-phenylsulfinimine 7.7 The same
reaction in single-phase (CH,Cl,) oxidation gave a low
yield and a complex mixture. The acid sensibility of
the S-N bond in S-phenylsulfinimine 6’ could explain
this result. It should be noted that for the oxime 5, the
S-phenylsulfinimine 6 and the S-phenylsulfinimine 7
the geometry of the double bond is unknown. The two
mixtures of diastereoisomers S-phenylsulfinimine 7a
and 7b are unstable on silica gel as well as in basic or
acidic solvents. Consequently, it is highly challenging
to separate them through purification techniques and
so in general we worked with the mixture, after a fast
purification by chromatography. The S-phenylsulfini-
mine 6a and 6b is also unstable, but less so than 7a
and 7b (Scheme 1).

Literature reports describe the nucleophilic attack of
allylmagnesium chloride® or benzyl magnesium chlo-
ride’ on S-phenylsulfinimine derivatives. In the case
of other Grignard reagents, the possible outcome of
the reaction appears to be the deprotonation at the
alpha imino carbon’ or the nucleophilic addition on the
sulfur atom.®® Reaction of allylmagnesium bromide
with 7a in diethyl ether at 0 °C, followed by the cleav-
age of the S—N bond with a mixture of isopropanol,
trifluoroacetic acid in dichloromethane'® gave com-
pounds (8a/9a) resulting from the desired nucleophilic
attack to the imine bond. The addition of other Grig-
nard reagents to S-phenylsulfinimine 7a leads, after the
cleavage of the S—N bond, to 4”-(S or R)-4"-deoxy-4"-
amino-4"-C-avermectin By, derivatives (see Scheme 2,
Table 1).

As a 5-O protected form it was possible to separate
stereoisomers 8a, 9a and 10a, 11a. For compounds 12a
and 13a, resulting from the nucleophilic attack of vinyl
magnesium bromide, separation was possible only after
deprotection of the 5-hydroxyl group with a complex of
70% HF-pyridine in tetrahydrofuran.
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Scheme 1. Preparation of S-phenylsulfinimines derivatives 7. Reagents and conditions: (i) tributylphosphine, diphenyl disulfide, THF, 0 °C; (ii)
chloroform, saturated solution of sodium hydrogencarbonate, m-chloroperbenzoic acid, 0 °C.
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Scheme 2. Addition of Grignard reagents to S-phenylsulfinimines
derivatives 7a. Reagents and conditions: (i) Grignard reagent, diethyl
ether, 0°C; (ii) dichloromethane, isopropanol, trifluoroacetic acid,
0°C.

Table 1. Reaction of Grignard reagents with 7a

Entry R'MgX Yield for Ratio
two steps” (%)
1 AllylMgBr 31 8a/9a: 3/7°
2 MeMgCl 19 10a/11a: 1/1°
3 VinylMgBr 43 12a/13a; 4/7°

#Not optimized.
®Ratio determined after isolation.
“Ratio determined by NMR.

The configuration of C(4”) in the isomeric pairs was
established by measuring the '*C chemical shift of the
allyl CH, or the CHj; groups, since it is well documented
that an axial CH, or CHj3 absorbs at 5-7 ppm higher
field than the equatorial equivalent.!! The deprotected
isomers of 12a and 13a were distinguished by the NOEs
observed between the vinyl group in equatorial position
and the two axial protons H-3"” and H-5" in 13a. In
the case of the two deprotected isomers of 1la and
10a, the observation of an analogous NOE effect
between the equatorial CH; group and the two axial
protons H-3" and H-5" corroborates the results based
upon the '*C chemical shifts.

We then turned our attention to the 5-OTBDMS-4'-
deoxy-4'-phenylsulfinimine-avermectin B; monosaccha-
ride 7b. Reaction of Grignard reagents with 7b in diethyl
ether at 0 °C, followed by the cleavage of the S—N bond
and deprotection of the hydroxyl group in position 5
with a mixture of methanol and methanesulfonic acid
gave the desired compounds (Scheme 3, Table 2).

As before, the vinyl derivatives 12b and 13b were distin-
guished by the NOEs observed between the vinyl group
in equatorial position and the two axial protons H-3’
and H-5" in 13b. In the case of the methyl derivatives
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Scheme 3. Addition of Grignard reagents to S-phenylsulfinimines
derivatives 7b. Reagents and conditions: (i) Grignard reagent, diethyl
ether, 0 °C; (ii) methanol, methanesulfonic acid, 0 °C.

Table 2. Reaction of Grignard with 7b
Entry R'MgX

1 MeMgCl 31
2 VinylMgBr 59

Yield for two steps (%) Ratio

10b/11b: 10/1*
12b/13b: 4/3.2%

#Ratio determined after isolation.

10b and 11b, we based our analysis again on the '*C
chemical shifts: the methyl of 10b is axial (14.5 ppm)
and the methyl of 11b is equatorial (22.1 ppm).

In this case, the mixture of the diastereoisomers of S-phe-
nylsulfinimine 7b was separated on silica gel to give 14b
and 15b in total of 14% yield. This low yield is explained
by the instability of 7b. Reaction of vinylmagnesium bro-
mide with 14b in diethyl ether at 0 °C, followed by the
cleavage of the S—-N bond and deprotection of the hydro-
xyl in the 5 position with a mixture of methanesulfonic
acid in methanol gave 12b in 65% yield. The same reac-
tion with 15b gave 13b in 59% yield. Consequently, we
propose that the sulfoxide could direct the addition of
the organometallic on the imine bond via either Ellman
model'** or Davis model.'”® Unfortunately, we were
not able to determine the configuration of the S-phenyl-
sulfinimine 14b or 15b (Scheme 4) and consequently
understand clearly the factors governing the addition of
the organometallic. In addition, it should be made clear
that the instability of 6, 7 and avermectin B; to acidic
and basic conditions lowers the yield of the reactions.

Another interesting result was obtained when we used
trans-3-phenyl-2-(phenylsulfonyl)-oxaziridine (Davis re-
agent) in tetrachloromethane as oxidant. In this case,
the reaction of 6b with this reagent gave compound
15b as the major product in 13% yield after purification.
Use of m-CPBA gave 14b and 15b and to explain this,
we suggest that the oxygen lone pair of an oxygen of
the carbohydrate part of avermectin B; could have a
moderate directing effect via hydrogen bonding with
m-chloroperbenzoic acid during the formation of 6b.'3
However, we propose that when Davis reagent is used
as oxidant, hydrogen bonding is not possible with the
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Scheme 4. Addition of Grignard reagents to pure S-phenylsulfinimines
derivatives 14b and 15b. Reagents and conditions: (i) chloroform,
saturated solution of sodium hydrogencarbonate m-chloroperbenzoic
acid, 0°C; (ii) Grignard reagent, diethyl ether, 0 °C; (iii) methanol,
methanesulfonic acid, 0 °C; (iv) Davis reagent, CCly.

carbohydrate and consequently the reaction is con-
trolled by steric hindrance. The reaction of 15b (ob-
tained with Davis reagent) with vinylmagnesium
bromide gave 13b in 38% yield after deprotection with
a mixture of methane sulfonic acid in methanol.

In conclusion, we have shown that the S-phenylsulfini-
mine group could be used as activating group for the
preparation of 4"-(S or R)-4”-deoxy-4"-amino-4"-C
substituted avermectin By, derivatives and 4'-(S or R)-
4'-deoxy-4'-amino-4’-C  substituted avermectin By,
monosaccharide derivatives. Complementary work on
these types of avermectins is in progress and will be re-
ported in future publications. These new types of aver-
mectin derivatives have shown an improved biological
profile (highly active against mites, dipteran leaf miners,
thrips, and lepidoptera) by comparison with the known
avermectin derivatives.!* The method described here
should be valuable in the synthesis of other sugar-con-
taining macrolide antibiotics.
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