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Sugar-Conjugates of Agrochemicals
Opportunities & Challenges

INTRODUCTION

Agrochemical and drug discovery share the common goal of
innovation, which includes lowest dosing and enhanced
bioavailability. Among the exploratory work, carrier-mediated
transport strategy like glucose / amino acid conjugation has
been considered as a promising way not only in drug
development, but also with agrochemical Al's for better
performance. Interestingly, in plants, conjugates are already
known in the process of detoxification!'

Carrier-mediated transport strategy has been considered as
a promising way for vectorizing agrochemicals, which can
enhance bioavailability of pesticides.

GLUCOSE CONJUGATES WITHIN PLANTS

Plants have a unique way of detoxifying excess pesticides through conjugation with some sugar, an amino
acid, or a glutathione moiety (tripeptides) that is more water-soluble & susceptible to further processing in
the plant for elimination. In fact, herbicide selectivity is the ability of the crop to detoxify the herbicide
/metabolites (making it less phytotoxic), whereas

weeds & herbs may not have the ability to do so.

GLUCOSE
CONJUGATES
OF PESTICIDES

The detoxification process involves three main reactions namely
(i) Hydroxylation, (ii) Sulphur oxidation & (iii) dealkylation. These
primary reactions are often followed by conjugation with
endogenous constituents, rendering the pesticide residue highly
water-soluble with increased phloem mobility.?e®

The increased phloem mobility is a very crucial factor which
improves the agrochemical intake by plants. Thus, a conjugated
pesticide (glucuronide or glucoside) would act as a superior one
than its non-conjugated part.

While pesticide metabolites often evaluated for acute and sub - chronic toxicity, their conjugates are
somehow ignored. With rising glucose conjugate research, there is a clear need to understand the
toxicological significance of both pesticide and their metabolites. A major hurdle is the lack of availability of
pure and well-defined conjugates which are found in low concentrations and in micro heterogeneous forms,
complicating their isolation and characterization. In most cases, well-defined glycoconjugates can only
beobtained by chemical synthesis.?

The toxicologists are still awaiting delivery of the synthetic conjugates before getting started!

SYNTHESIS OF SUGAR-CONJUGATES

Simple & general protocols for the preparation of complex carbohydrates of biological importance are not
available. As a result, the chemical synthesis of each target is unique, complex & time-consuming. Properly
protected Monosaccharides with reactive leaving groups at the electrophilic anomeric centre, provide the
most facile & selective way for conjugating sugar with target molecules.*

Often used method is the generation of glycosyl donors with oxygen-exchange reactions at the anomeric
position. Such as,

1) Fischer—Helferich method (acid-catalysed reaction)

2) Koenigs—Knorr method (base-catalysed reaction)
3) Leaving group strategies like fluorine, iodine, alkylthio, or arylthiol, orthoesters.
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REACTIVITY & STEREOSELECTIVITY

Glycosylation reaction generally proceeds as follows: activation of a glycosyl donor by an appropriate
promoter followed by elimination of a leaving group at the 1-position affords an oxocarbenium ion
intermediate; a hydroxy group of a glycosyl acceptor then attacks the oxocarbenium ion intermediate to
form a glycosidic bond.

The stereoselective formation of glycosyl linkages is influenced by many factors such as leaving groups,
solvents, activation systems, additives, and more importantly, protecting groups of donor and acceptor.

Protecting groups plays a crucial role in deciding between 12-cis and 1,2-trans glycosides. Sterically
demanding protecting groups at the 2-position leads reliably to 1,2-trans glycosides.,

2-nitroglycals as Protecting groups play important roles in modulating the reactivity of glycosyl donors and
acceptors and directing the stereochemistry of glycosidation reactions. Remote anchimeric assistance with
groups like diethylthio carbamoyl & conformation constraining protecting groups like Benzylidene offers
interesting stereoselectivities.

OTHER PROMISING METHODS

° Chemoselective glycosylation exploits the different reactivities of glycosyl donors and acceptors
based on the armed—-disarmed concept.

* Orthogonal glycosylation is based on the selective activation of a leaving group.

* Pre-activation-based glycosylation, the glycosyl donor is activated separately, before the addition of
the acceptor, which contains a leaving group for the next glycosylation step

* Enzymatic & Chemo-enzymatic methods are available, which employ a range of glycosyl
transferases.

The organic synthesis team at JRF has extensive experience in the synthesis of sugar conjugates of
various agrochemicals and its Impurities & metabolites. Each molecule is synthesised using a novel
approach from which we gained extensive knowledge about the reactivity & selectivity patterns. Talented
pool of scientists supported and by the advanced analytical facilities is complementary to our success.

Selected References

1. David J. Cole Detoxification and Activation of Agrochemicals in Plants. Pestic. Sci. 1994, 42, 209-222

2. a) Dean, J. V,; Mohammed, L. A; Fitzpatrick, T. The formation, vacuolar localization, and tonoplast transport of salicylic acid glucose
conjugates in tobacco cell suspension cultures. Planta 2005, 221, 287-296. b) Bartholomew, D. M.; Van Dyk, D. E;; Lau, S. M. C.; O'Keefe, D. P,;
Reaq, P. A; Viitanen, P. V. Alternate energy-dependent pathways for the vacuolar uptake of glucose and glutathione conjugates. Plant
Physiol. 2002, 130, 1562-1572. ¢) Wen Yang, Han-Xiang Wu, Han-Hong Xu, An-Long Hu, and Meng-Ling Lu Synthesis of Glucose Fipronil
Conjugate and Its Phloem Mobility J. Agric. Food Chem. 2011, 59, 12534-12542

3. Thomas J. Boltje, Therese Buskas, and Geert-Jan Boons Opportunities and challenges in synthetic oligosaccharide and glycoconjugate
research Nat Chem. 2009 November 1; 1(8): 611-622.
Xiangming Zhu and Richard R. Schmidt New Principles for Glycoside-Bond Formation Angew. Chem. Int. Ed. 2009, 48,1900 - 1934.
Jian Guo and Xin-Shan Ye Protecting Groups in Carbohydrate Chemistry: Influence on Stereoselectivity of Glycosylations Molecules 2010,
15, 7235 — 7265.

< bd@ijrfonline.com @ www_jrfglobal.com




