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1. ABSTRACT

During the course of our work, mono-,and bis-sugar oximes as well
as glycosylated carbamates were synthesized, analyzed by various
spectroscopic techniques and evaluated pharmacologically.

We found that- the clearance rate of the sugar conjugates was
significantly slower and their toxicity was pronouncely looer than
that of their parents'compounds. These two properties endow the sugar
oximes with improved prophylactic potential as compared to their non-
sugar analogues. Moreover, in some caps the sugar oximes exhibited
better antidotal properties than their non-cojugated aldoximes.

Investigations into the mechanisms underlying the improved
properties of the sugar oximes revealed the following:

-QOH-free sugar form is important for the antidotal activitVy

'-Propyl bridge between the sugar and the pyridine ring appears
to be superior to a direct linkage between the two moietie's

-6gGlucose seems to be more efficient than galactosa

-S-The glucose transport system does not seem to recognize the
sugar oximes. Therefore, sites other than the glucose
transporter should be considered as those responsible for their
.improved phraoieis () lo'roCJ CkUO4

These results support our hypothesis that improvement in
prophylactic and therapeutic features of drugs, can be achieved by
conjugating a sugar moiety to the drug in question. However, the
mechanism responsible for these phenomena is not yet clear. Therefore
in this final report we propose some future strategies which may
contribute to our undrestanding of what is responsible for the
improvement in the pharmacokinetic properties which characterize
these drugs. This information may provide a rational way to design
drugs which possess a greater prophylactic and antidotal potential.

!Sty !ords!

-_ryyffinium aldoximes; Organophosphate poisoning; Sugar-oximes;
Acetylcholinesterase; Antidotes; Glycosylated drugs; Structure-
activity relationship

'
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2. INTRODUCTION

A common therapy against organophosphorus poisoning is the use of a
combination of atropine and a quarternary oxime. Atropine is used for
its antimuscarinic action, by which it reduces the overstimulation of
the muscarinic receptors, occured during poisoning, by an excess of
acetylcholine accumulating at the synaptic terminals. Oximes are used
for their ability to displace the phosphoryl group on the active site
of acetylcholinesterase (AChE) and thus reactivate the inhibited
enzyme.

However, despite the similarity in the reactivation potential of
some oximes, they may differ significantly in their antidotal
properties. For example, 2-PAM and TMB4 possess similar reactivation
values for Tabun-phosphorylated enzyme, but TMB4 is far more
effective as an antidote against Tabun poisoning. This means that the
reactivation constant in vitro, is not necessarily the important
factor in determining the effectiveness of a therapeutic drug.
Properties such as bioavailability, pharmacokinetics and relative
toxicity might be important at least as much as the reactivation
potency.

In order to improve these important features in the currently
available antidotes, we designed and synthesized conjugates of
pyridinium aldoximes and sugars. The sugar moiety may make the non-
permeable quarternary oximes more permeable through biological
membranes, as compared to non-sugar analogues. Improved permeability
through biological membranes might make the sugar analogues more
available at the critical target sites, where they are needed.

Various glucosyl derivatives which have already been synthesized in
our laboratory met our expectations and exhibited improved
pharmacokinetics as well as better antidotal characteristics (1, 2).
In this report we summarize and discuss some of the important results
which we obtained previously. We also include new results which were
obtained with a glycosylated bis-oxime and we elaborate on possible
mechanisms of action of the sugar oximes. Accordingly, we suggest
future strategies for developing new glycosylated drugs which are
related to treatment of OP poisoning.
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3. MATERIALS AND METHODS

3.1. Chemical synthesis

3.1.1 Synthesis --of _-N-12-0(8.D-tetra-O-acetyl____ !ucosyl)-

pro[aneJ4'-bspyridjnium aldoxime chloride (E-357):
Three grams (0.0054 moles) of compound 5 (1) and
4-pyridine aldoxime (5g, 0.04 mole) in a mixture of
2-methoxy ethanol (15 ml) and benzene (10 ml) were
distilled under atmospheric pressure until most of the
benzene was removed. In another flask a solution of
sodium iodide (4g, 0.026 mole) in 2-methoxy ethanol (15
ml) and benzene (10 ml) was treated similarly in order to
obtain dry reagents for quarternization. The two
solutions were then combined and introduced into an
ampule which was immediately sealed and heated to 120°C
(external temperature) for 5 days.

Following the procedure mentioned above, the methoxy-
ethanol was removed under reduced pressure. The residue
was extracted with 10% methanol in chloroform and
subjected to a purification process on a column of silica
gel (100g). The crude quarternized products were eluted
from the column when the polarity of chloroform-methanol
mixture exceeded 25% of methanol. The iodide ion was
exchanged with chloride by passing the crude product on a
Dowex 1 anion exchange resin (30g). The
aqueous fractions which were eluted from the resin,
contained various mixtures of mono-, and bis-quarternized
sugar oximes. However, one fraction that was
crystallized from a mixture of ethanol and ether did
indicate the presence of practically pure bis-oxime
E-357, according to NMR and TLC data. (The product
turned out to be a very hygroscopic material).

Cpd. E-357 'H nmr: (D,0-DSS) 1.9-2.1 (12H, 4Ac); 2.6-4.0
(m, H. of the pyranose ring and CH of
the propane chain); 4.3-5.2 (6H of
the pyranose ring, CHd-N4); 8.2-9.1

(m, 8Hr); 8.4 (s, CH=N-);

3.1.2. - tesso N-2Oi !R£I £_2J-4'-biS "

pylidinum aldoxime chloride jE-3__)
The glycoside ester E-357 (000 mg) was dissolved in
methanol and treated with several drops of 10% NaOH
solution to adjust the pH to about 10.5. After 24 hours
at room temperature t e mixture was neutralized with
acidic resin (Dowex 50 H ). The filtrate obtained after
the removal of the resin was concentrated in vaccuo. The
residue was crystallized from a mixture of methanol-
isopropanol leading to an amorphous hygroscopic material.
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Cpd. E-360 'H nmr: (DO-DSS) 3.05-3.25 (M, HA., H,,, Hs);
3.3 (M, CH); 3.5 (M, H2, H3 & H4);
3.8 (d, Hp); 4.9-5.2 (M, CH2 -N+);
8.2-9.1 (m, 8HA,); 8.45 (S, CH=N-);

UV: A O.IN-NaOH, 345 mm; [c]W = +2.7 0 (c 0.8, MeOH).

3.1.3. Synthesis of N j6- 11L:3L4-Di-0-iSopr2 i

Sq!!!q!2PYranose1-3'-dimethxl_ carbamoyl __Yrir idiniun
chloride {E-343a):

Compound 1 (8.2g , 0.02 mole) and 3-dimethyl carbamoyl
pyridine (3.3g, 0.02 mole) in dichloroethane (40 ml) were
stirred at room temperature for 48 hours. The reaction
mixture was evaporated under reduced vaccuo and the
residue was purified on a silica gel column. Unreacted
carbamate was eluted with chloroform.

The quarternized product E-343a was eluted by 10%
methanol in chloroform. The crude yield was 6g (52%).
Crystallization from a mixture of methanol-ether led to a
crystalline material m.p. 187.

Anal. Calcd. for C25H2 N,0 7.CF 3 WO: C, 45.17 H, 5.23

Found: C, 45.38 H, 5.34

'H nmr: (CDCl-TMS) 1.23, 1.32, 1.4 (3s, me groups);
3.08, 3.18 (2s, N{Me), groups); 4.0-5.2 (6H of
the pyranose ring); 5.45 (d, 1H, Hp ) 7.9-8.5 (m,
2 Hr).

3.1.4. Synthesis of N:I3O{tta .act _J D __ cosyl1
bn chloride

A solution of sodium iodide (10g) in 2-methoxy ethanol
(40 ml) and benzene (20 ml) was distilled under
atmospheric pressure. In another flask a mixture of 4
(4g) and 3-dimethyl carbamoyl pyridine (8.4g) was
distilled similarly in -rder to obtain dry reagents for
the quarternization. The two solutions were then combined
and stirring continued for 48 hours at 1100C (external
temporature).

~ .P ~ A -. "



The methoxy-ethanol was removed under reduced pressure
and the reidue was purified on a column of silica gel.
The crude quarternized product was eluted with a mixture
that contained at least 5% methanol in chloroform. The
iodide anion was exchanged with chloride by passing the
crude product on a Dowex 1 anion exchange resin. The
aqueous eluate was distilled in a rotary evaporator. NMR
analysis and TLC data provided supporting evidence that
our product was structurally identical to E-345a. The
compound was obtained as a syrup and did not crystallize.

'H nmr: (CDCI 3 -TMS), 1.95-2.1 (12H,4Ac) 2.3 (m, CH2 );
3.05, 3.15 (2s, N{Me),); 3.23-5 (6H of the pyra-
nose ring and 4H of 2 CH2 groups); 5.1 (d, 1Hp);
8-8.4 (m, 2H,); 9-9.3 (m, 2H,).

3.2. Purification procedures: Thin-layer chromatograms were
performed on a silica gel G (using 9:1 or 4:1 CHCl3 :MeOH) and
alumina (using mixtures of benzene, chloroform and ethyl
acetate). The spots were visualized with iodine vapors and
subsequently with 5% HSO, in ethanol solution. Column
chromatograms were prepared from a silica gel 40, 70-230 mesh
ASTM (E. Merck). All solvents were flash evaporated using an
evaporator.

UV spectra were recorded on a Bausch and Lomb Spectronic 505
spectrophotometer. Optical rotations were determined with a
Perkin Elmer model 141 polarimeter. Melting points were
determined with Mettler FP5.

3.3 Spectrometric analysis

3.3.1. Positive Secondary Ion MassSpectra £SIMSI: Results were
obtained with a Riber quadrupole mass spectrometer
incorporating an energy prefilter prior to mass
separation. A 5-KeV argon ion beam at a maximal current
of 5x1O"' A cnC2 or below was used to bombard the surface
at a 45 angle. Secondary ions are extracted, normal to
the surface, by a small voltage of around 100 V/cm. Ions
pass through the energy and mass filters to an electron
multiplier coupled to a pulse-counting detection system.
The quardrupole was scanned at a rate of 3 s/amu, and the
scan as well as the analog rate meter output voltages,
were fed to an X-Y re-order. Operating pressure in the
main chamber of the spectrometer was held at minimum
vaccuo of 1x0"O torr.

...............................................-

. . . . . . . . . . . . . . . . . . .. . . . .
. . . . . . . . . . . . . . . . . . . . . .. . .
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Samples were prepared by burnishing the solid sample
directly onto silver or copper foil supports (0.0125 cm
thick) which had been abrasively cleaned. For high
sensitivity studies, fresh solutions of known
concentration were prepared, and a measured amount was
placed onto the planchet with a syringe. Samples were
introduced through. a preparation chamber into the main
analysis chamber, After analysis, the samples were
retrieved and retained for future re-examination.

3.3.2. NMR Spectra: 'H-nmr was ' recorded on Jeol C-60HL in
deuterated solvent. "C nmr spectra were recorded at 2S.2
MHz in 10 mm o.d. tubes on a Varian XL-i00-FT
spectrometer. The probe. temperature was 26'C. The
solvent D20 was also used for locking the spectrometer.
The proton-decoupled spectra were obtained by employing
three methods: ;

(a) Irradiation in a noise band of 3KHz in order to
cancel completely the coupling of protons with the
carbon nuclei;

(b) Off resonance irradiation at a certain specified
frequency;

(c) Gated-decoupling, where the decoupler was off
during the acquisition period and on for the time delay
between each pulse, chosen so as to retain the NOE;

The IH decoupled 3C FT nmr spectra were measured under
the following conditions: spectral width, 5000 Hz;
acquisition time, 0.4 or 0.8s; pulse width, 18 is; pulse
delay, 0.3s; sensitivity enhancement, 1.OA IOW H noise
decoupling with 3 KHz band width, was used for the
decoupling spectra. The gated decoupled spectra were
recorded with the same pulse width but with 7 pulse
delay of 2.0s. The chemical shifts are accurate to ± 0.2
ppm and the coupling constants are given with an accuracy
of ± 5 Hz.

I.4. 1iological evaluation

3.4.1. Animals: ICR (albino) male mice were maintained in a
temperature-regulated (22'C-25 0) room and used when
their body weight reached 22-25g.

3.4.2. Toxicity determination: Mice were injected sub-
cutaneusly or intramuscularly as specified in the results
section with increasing doses of the tested drug. The
injected mice were observed for signs of poisoning and
death, up to 24 hours following the injection. LD, was
calculated according to Weil (3).
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3.4.3. Pharmacokinetics: Mice were injected intramuscularly with
the tested oxime. At various periods after the
injection, the mice (at least four mice for each time
point) were bled and oxime concentration in the serum was
determined as previously described (4).

3.4.4. Glucose transport: Retinal tissue was quickly removed
from mice, chopped to approximatly 200 microns thick
slices and kept in a phosphate-buffered saline (PBS)
under stream of oxigen at 37'C. '4c-2-deoxy glucose
(45mCi/mmole, 0.1 pCi/tube) was then added to an aliquot
of the retina slices with or without the tested sugar
oxime. The retina slices were incubated for additional
10 minutes, washed on milipore filter with PBS and the
radioactivity which' was retained on the filter was
counted. For background counts, similar quantities of
retina slices, were incubated with '"C-2-deoxy-glucose at
2"C.

3.4.5. Protection experiments: Mice were challenged
subcutaneusly in the neck region with either VX or soman.
One minute following the poisoning, or upon appearance of
poisoning signs (which ever came first), the mice were
treated with a mixture of an oxime and atropine (15
mg/Kg of each unless otherwise specified), by
intramuscullar injections into the thigh region. LD50
was calculated with and without protective treatment and
the degree of protection was expressed in terms of
protective ratio (PR).

LD 0 _ with protective treatment
PR - LD,0 without protective teatment



4. nr:SULT-

4.1. Chemsynthsid pe cpicanayss:

4.1.1. N-pyridinium aldoximes and carbamates conj ulated through
C-6 of the_3ugarM9iety: In past annual reports we

summarized the routes for obtaining sugar oximes in which
the sugar residue is linked to the pyridinium ring via
C-1 of the sugar moiety (2, 5). Another option to attach
:ugar residue to the aldoxime backbone is through the
active C-6 position. This should yield suigar oximes with

free anomeric position, in which the sugar residue might
be more easily identified by the cellular sites that
interact with sugars.

As a model study we started with the easily available
diisopropylidene galactopyranose. By inserting triflyl
ester at position 6 of galactose,we obtained an excellent
starting agent for quarternizing any pyridine aldoxime
derivative. Thus we synthesized 2', 3' and 4' glactose-
PAM analogues as well as sugar pyridostigmine derivative
as follows:

Scheme A

H20H 20S02CF3
(CF~3S02)20 _

(2,6-Lutidine)

I4E305a(2 subst.)C- ___ ca(3 r-cow* I E-29--0o(4 ,
CH3  

C2 E-3434(3 caba-

3 abcd 0subst.)

3a: 2-aldoxine substituent
3b: 3-aldoxime substituent
3c: 4-aldoxime substituent

3d: 3-dimethyl carbamoyl subst. H +  E

H 4H HoH E29
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Using this technique we were also able to synthesize a
first sugar-carbamate by just substituting the aldoxime
function with dimethyl-carbamoyl residue.

4.1.2. synthesi s !fg !olxrlderivatives of 2'-PAM and
pyridostigmine:

For preparing the 2'-PAM glucosyloxypropyl analogue we
employed iodopropyl 0-D-glucosyl tetraacetate. On the
other hand for preparing the 3' and 4' PAM analogues in
this series as well as for the preparation of the
pyridostigmine sugar analogue, we could accomplish the
synthesis even with the less reactive agent- chloropropyl
5-D-glucosyl tetraacetate.

Scheme B

+ C1-cH2CH2CH2-O-G(OAc)4

I" E 345a

L 2CH2 02 OG(OAc) 4

R

OH- DOWEX CI- .i b: (a product after
(pH F W. b) ON' saponi fi ca ti on)

I '-
CH 2C 2 CH2 G(O) 4  JH2 CH 2 CH2O-0G(OH)4

E-321 : R-2-aldoxime substituent.

E-345 : R-3-dimethyl carbamoyl subst.

G(O c) : Glucosyl tetraacetate
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It is of interest to note that during the synthesis of
the various sugar oximes, we obsereved that the new
series of oximes displayed a relative higher stability in
an alkaline medium than the corresponding methiodides
(6, 7, 8). Thus, we were able to purify compounds E-22,
E-308 and E-321 in their ester form, by using column
chromatography and less polar mixtures of eluents.

4.1.3. Synthesis of a glycosylated T!MB4 derivative:
In analogy to the synthetic procedures which led to the
formation of TMB4 or Toxogonin we have looked into the
possibility of making a sugar bis-oxime of type E-360 by
the route described in scheme C

Scheme C

CH.NOH 
CHNOH

CH Ac cH2 fO 1$o+ + Br NiBr
N LH2  - IP "

okc CH2OAc o0

50

V~c E-357
AcO 4-?c

HONCH HON-CH

1) DOWEX I Cl

2) OH' C cl-

4-CH -2

CH2OH 0

H E-360

OH
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It turned out that in this case, unlike the non-sugar
bis-oximo (9), the yield of the bis-oxime sugar conjugate-
E-357 was relatively low (20%). Subsequent saponifi-
cation (aqueous methanol, pH 10.5) of E-357 was performed
to yield E-360.

4.1.4. Mass sp2ectral studies of E-290b:
Compound E-290b was studied by a relatively new technique
known as "Organic Secondary Ion Mass Spectroscopy"
(SIMS), which is useful for organic salts and onium
compounds (10, 11).
In order to obtain additional structural conformation for
the newly synthesized conjugates we employed mass-
spectral analysis of the oximes. To date we performed
complete analysis of l'-(2-D-galactopyranose-6-yl) - 4'-
hydroxyimino methyl pyridinium chloride (compound E-
290b). We also currently analyze the bisoxime derivative
E-360.

The intact cation is observed at m/z 285 along with
fragment ions at m/z 105, 123, 136, 147, 149 and 165.
The ion at 105 has resulted from dehydration of the ion
at m/z 123 (see a bellow) which itself results from loss
of the sugar unit with a concomittant H transfer to the
pyridine ring.

aI

The ion at m/z 136 probably has the structure
represented-by (b)

cli

Which resulted from a simple cleavage of E-290b

~H
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The structure of (c) may account for the presence of an
ion at m/z 149. Following loss of 2H from ion (g), a new
fragment at m/z 147 is formed.

The ion at m/z 165 is particularly interesting and is
assumed to possess the structure represented by (d), in
which both carbon and oxygen from the sugar are
incorporated into the cyclic pyridinium structure.

d~j 0
CH- CH 2

Analogous fragmentations resulting in a cleavage of the
sugar in the nucleosides have been described (12, 13).

This study indicates that even a quarternary compound
such as E-290b and other sugar analogues can be analyzed
accurately either by SIMS technique or possibly by the
FAB technique. These techniques will be valuable for
future studies.

4.1.5. ?TMR of Ryridine Aldoximes and their sugar
Derivatives
Another powerful technique for elucidating a structural
configaration is nmr. During the course of our studies
we have employed 1 C-nmr and 'H-nmr. With '"C-nmr, in
addition to the chemical shifts, we were also able to
obtain important information concerning' the preferable
conformers which existed in the tested samples. This
additional data will provide us with a useful information
for the study of structure-activity relationships.

The assignment of the absorption peaks in the '1C nmr
spectra is based primarily or'. the comparison between the
13C spectra of the methiodides (Scheme A, 3a - 3c) with
the spectra of some sugar-oximes (E-305a, E-297a 0 E-
290a). The chemical shifts (6) and the coupling constants
('J(CH)) for the starting material, 1, and for the nugar
oximes mentioned above, wore previously reported (2).

In conclusion, the carbons in the sugar residue were
not significantly altered in their proton coupling
constants, indicating that the sugar residue maintained
its basic configuration within the conjugate. Therefore
it should be expected that the recognition of the rugar
moiety, by the sugar recognition sites (within biological
tissues), would not be altered either. However, we found
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changes in the chemical shifts, indicating that the
electronic environment within the pyridine ring was
influenced by the coupling between the sugar moiety and
the oxime. Nevertheless, these changes should not affect
the sugar conformation and therefore should not change
tho affinity of the sugar moiety to the sugar recognition
sites.

The results of the "1C-nmr spectrum of the pyridine ring
of N-glucosyloxypropyl72-pyridinium aldoxime chloride
were as follows (in ppm relative to TMS):

C-2' = 147.9; C-3' = 127.4; C-4' = 142.7
C-5' = 128.3; C-6' a 146.6; C-7' = 146.1

These values are closer to those of 3a than the values
found for E-305a (2). Such results are expected
from the inductive electron donating property of the
methylene groups where their larger number overtakes
their decreased efficiency of electron donation, compared
with the hyperconjugative donation of the N-methyl group.
Thus, it may be concluded that the paramagnetic shifts of
the carbons of the pyridine residue in E-305a, E-29 1a,
E-290s, compared to those in 3a - 3c, are a result of the
hyperconjugation of the N-methyl group existing in 3a -
3c. Therefore it might be expected that some changes in
the functional properties (such as reactivation values)
of the pyridine ring would take place as indeed we
previously demonstrated (2).

4.2. BIOLOGICAL AND PHARMACOLOGICAL EVALUATIONS

4.2.1. Pharrnacokinetics of sugar oximes: We examined two sugar
oximes for 'their pharmacokinetic characteristics and
compared them to their non-sugar analogues. Table I
summarizes the tv, and the maximal time that the tested
oximes were detedted in the blood circulation after
intramuscular injection of the oximes into mice.
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Table 1: 2harmaco1Untic Darametors for 3' and 4'-ald2xiLtets

dorivativom

TIME (mii,)OXIME
UOAR OXIME t/ WAS DETECTED IN
fcodo ,ninj CIRCULATION

4-PAM 15 60
i-= 45 180
: 20 60

E-168 45 100

The data preuented in tabe 2 clearly indicate that the
sugar conjugates offer much better pharmacokinetic
features than their non-sugar analogues.

4.2.2 Comoetition of suaar oximes with glucose for clucose-
transporter When slices of rat retina were incubated
with '4C-2-deoxy-glucoue, rapid accumulation of the
labelled sugar within the tissue was observed. The
uptake was temperature-dependent. Thus at 37*C
significant amount of '4C-2-deoxy-glucone was taken up,
while at 20C very little incorporation of glucose was
obzorvod. When D-glucose was added to the reaction
mixture, siyl-ficant reduction -in the temperature-
dependent '4C-2-deoxy-glucose incorporation was observed

(table 2). However, D-galactose affected only slightly
the incorporation of the '1C-2-deoxy-glucose to the
retina slices (table 2).

Table 2: Effect o lcs~~lcoeadgyoya~
oximes on "'C -2-deoxYg lucose uYtak e into
retina slices.

Compound* added Incorporated
to the incubation '4C-2-deoxy-glucose

medium CPLJ LZ _§D

none 581.0 4 84.3

D-glucose 51.6 t 42.6
D-galactose 504.0 t 60.5
4-PAM 605.8 ± 23.5
t-193b 582.9 ± 84.7

E-212 630.3 1 51.9

*The concentration of each tested

compound was 10mM.
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It seems ti'erefore that the 2-deoxy-glucose transrport
ny.tom specfrtcolly recognizes D-glucose and transport It
into the coll. We then examined if the sugar oximes can
also be recognized by this glucoo transporter.

As can be seen from table 2, all the tested sugar oximes,
ovri when unJd in high concentrations, did not alter the

incorporation of the 14C-2-dooxy-glucose into the retina
,;licas. We concluded that the sugar oximem are not
recognized by this glucose transporter and therefore did

not compote with 'dC-2-dooxy-glucoas for the uptake
system au doos free glucose.

4.2.3. Comp2arative th eretic indexes and_2rotEgtjye ratios for
4-PAM and it__ngaE_dojva tives: In the last annual
report (2) we described some toxicological values for

various 4-PAM-sugar analogues. Evaluation of the optimal
doses for each of the oxime, when used against VX

poisoning, revealed that as a rule, there was no steep
dose-dependent curve for any of the tested oximes.
Therefore, it can be expected that each oxime with
reduced toxicity would yield a higher therapeutic index.

Indeed, it can be seen in table 3 that ;-=9b yielded
significantly higher therapeutic index than its non augar
analogue. In addition, some of the sugar conjugates

protected more efficiently against OP poisoning, as
demonstrated for E-212, E-196, and E-290b. Table 3 also
summarizes the toxicological values '(in terms of LD1,')
for the 4-aldoximes and some of its sugar derivatives
against VX poisoning.

TABLE 3: Thrp!jj~g~~ and 2rg tective ratios of

OXIME TOXICITY OPTIMAL DOSE THERAPEUTIC PROTECTIVE

1PAM 145.5 30 4.86 5.1
E-193h 478.5 16 29.90 4.6
1-2 434.9 00 4.83 23.0

- 22 - 14.3

When two derivatives of the same family, one with a

direct linkage between the sugar residue and the pyridine
backbone (g:1j%) and the other with a propyl bridge
between the two moieties (E:22) were compared, we found
that the propyl bridge provided an antidotal advantngo in
t'rms of protective ratio. This phenomenon woe observed

also among the family members of the 2'- and the 3'-
oubstJtuted pyridine aldoximes (2). When the of! groups
of the sugar moiety wore acetylated, a significant
reduction in thri protective ratio wam noticed (compart, E-
121b with Z:Zlg in table 3).
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rinally, lucome ieot.-d to be nuporior to j.lact...',
(compare F "90111 with L-1 in teiblo 3). 1ovt'jvef, IIIVW
3 ~nt foahtui'. wai ~pi'ii~ prciuuncely, onl!y In 1,1, carso
of 2'-and 1'- zubtituted pyridine aldoximem, itnd w'j.
lazz remarl'able in th, cano of 3' pyridino aldoy.ui,-suilr
analogue. Tho comparison between the monovajcharfJ'O

rumiduou noeda further investigation since the above
ob:;rvationa were made with nugar oximes in which the

jeAlactoos Paio ;tttached to C-G, whereas glucose was link'd
through the anomeric position.

4..4 rxQorimontc with a sugar drLivative of TMB4: We comparod
tho recently synthesizud sugar biz-.oxime conjugate,
glucose-TMB4 S-360), with its non-conjugated analogue
for their ability to protect mice against VX and soman
poironing. Reults of this study are presonted in table 4.

Tiblu 4: rrotective ration and toxic.Ity og bis-oximes and a sugar

toxicity of
corresponding

poisoning pre-treatent treatment protective oxime
----------* - ratio .2 * SD)

GD none . -360e
atropirie 1.8(1.4-2.3) )300

pyrido- E-360+

stigmic atropine 2.6(1.0-3.9) -

notne TMB4+

atropino 1.6(1.3-1.9) 100 t 6

ftno toxogonin

+atropino 1.6(1.2-2.0) 120 k 12

pyrido- toxogonin

stigmino .atropino 2,1

V norzo E-360O
+atropine 19.3(13.3-28.0)

VY none TMI344
atropine 31.4(25.5-38.6)

VY none tozogonrino
+atropine, 22.4(15.1-33.1)

*100ug/Kg, 15 min bofore poinoning.
**Tratm,,nt was given I min after poisoning, with a done of

15mg/Y. of ooch compound.
**Numbers in parunthenes represent 951 confidence limits.
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As can be seen from table 4,the most pronounced advantage
of E-360 is its low toxicity as compared to the non-
glycosylated bis-oximes rM4 and toxogonin, Its
protective ratio against VX or OD poisoning is not
significantly different than that of the non-glycosylated
bis-oximes. However it is not certain at this stage
whether the linkage position of the sugar residue to the
oxime backbone- is optimal. We plan to synthesize
additional members of these group and test their
antidotal activity. (see chapter on future strategies).



5. DIZCUSION

In this report we summarized some of the significant findings
-oncerning the possibility of improving the antidotal efficacy of
oximes, by conjugating them with sugar moieties. In addition, we have
also presented some experiments, not previously reported, in which we
attempted to gain an insight into tho mechanism of action of the
glyconylated drugs.

We selected the sugar conjugates of 3- and 4-PAM, for initial
;ynthesis, even though they are known to be weuk antidotes. This
choice was done not only because the synthesis of 3- and 4-PAM sugar
analogues is simple, but also because we believed that an ir.)rovement
in antidotal efficacy could have been better detected when the basal
activity is low. Indeed as we described here, compound E-212, a 4-PAM
derivative, exhibited over four fold increase in the antidotal
activity, as compared to its parent compound. By contrast, the sugar
analogue of a more potent antidote, 2-PAM, (compound E-321),
exhibited only two fold increase in the antidotal activity against
VX, as compared to its non-sugar analogue. Moreover, while E-212
yielded an increased antidotal activity against paraoxon, as compared
to 4-PAM,E-321 was less effective against paraoxon than its parent
compound (2). In the case of bis-oximes the difference between the
nuUar dorivative E-360 and, toxogonin or TMB4 was even leas striking,
but in this case we tested only one sugar derivative and the position
of the sugar attachment might not have been ideal.

Inconsistencies were also found when reactivation factors were
compared to antidotal activities pointing out that in some cases
rugar oximes demonstrated better antidotal propertior than could have
been expected from their reactivation factors (2).

These results strongly suggest that the sugar moiety provides the
o;imo with some advantagen which are unrelated to their ability to
merely reactivate the inhibited ChE. Our pharmacological experiments

ggested that those advantages mJght be asso=iated with their
improved bioavailability and szo related to their low toxicity. If
no, then one could predict that other drugs such as atropine, or
pyridostigmine, which are also uied in treatments against OP
poisoning, might be more effective when conjugated to glycosyl
residue. As we presented in this report we succeeded to synthesize
two glycosylated derivativcs of pyridostigmine and we are now ready
to evaluate them biologically. Improved pharmacokinetics in this ca.,)
is of particular importance since these kind of drugs ere used in
pre-treatment and therefore need to be maintained in the blood
circulation for an extended period.
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O'Ir success to synthe(iz, the glycnsylated pyridostigmine marks a
milestone in the efforts to synthesize other glycosylated drugs.
The routes for these syntheses and their importance will be discussed
in the next chapter concerning future strategies.

For the purpose of drug design, as far as the glycosylated drugs
are cc:.cerned, it Ik of extreme importance to understand why the
:;uyar moiety improves the antidotal efficacy. We demonstrated
here, and in previous reports (1), that sugar oximes prevail in the
bcoud circulation for a longer period than their non-sugar analogues
•il ttat some glycosylated oximes are more efficient in reducing
hli jthcrmia induced by paraoxon than P2S (1). These results
strongly suggest that some sugar-oximes are characterized by an
i!.oe.22t- bioavailability. We tested whether this increase in
bioavailability may be related to the sugar recognition site on the
c'ell membrane. For this purpose we selected retina cells since their
neuronal origin makes them 3ne of the relevant target site for AChE
inhibitors. The fact that sugar oxinc did not compete with 2-deoxy-
glucose for the glucose transport system, may suggest that the sugar
residue which is attached to the sugar oximes is not recognized by
the glucose transporter. The lack of recognition at one site does
not necessarily exclude the possibility that the sugar residue could
interact with an alternative mechanism which involves high affinity
sites for sugars, and thus crosses the cell membrane more easilly
than its non-sugar analogue. Heterogeneity of the glucose transport
system (14) may explaiii why such possible recognition would vary in
different tissues. Routes other ttan the glucose transporter should
also be considered in zelation to the oxime bioavailability. However,
the lack of lablled sigar oximes prevented us from e;amining this
question more thoroughly. The availability of a lablled sugar oxime
will provide us with a tool to investigate the distribution of the
sugar-oxime in the body before and after poisoning and thus judge
about their availability at critical sites. Therefore we also
included in the next chapter (concerning future strategies) a
proposal of how to synthesize IH-sugar-oximes.
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* [ RESEARCH S7RATEGIEZ FOR THE FUTURE .

z :- .ntioned in the dizcuz~io: , ,' irportant point which ha--
." not beern solved to date, is the mechanism by which the sugar moiety -
o.. p'o3 th.e ciu.e ith cc irncrec:sed .,m'idotal activity and with a

better antidotal potential. We believe that further understanding of
how the sugar rr-sidue improves the antidote, will enable us to design

better drugs than those reported so far. For this purpose, we
consider two experimental set-ups: 1) Synthesis of new compounds
that will shed light on structural requirements. 2) Tracing the
distribution, metabolism and sit" of action of the glycosylated drugs
by labelling them with a radioactive tag.

6.1. Sygnthesis of new com2pounds or studin structure-activity
relaticnships:

6.1.1. :ono-oximes: The following series of studies are
suggested for the mono-oximes:

A) Comparison bet;:een sugar oximes of various
Imonosaccharides

So far, it was found that a glucose moiety which is
linked through its anomeric center, either directly or-
through a p-opyl bridge, bears an improved antidotal
potential (1, 2, 5) . On the other hand, galactosyl
derivatives bound thr-cujh the C-6 position, were found to
be weaker antidotes compared to the glucosyl sugar ,
oximes. We think that it is important to prepare a

Sseries of zujar oximes, composed of either, glucose,
-aL3ctcnz Qi manno se, linked to the oxime backbone
throU:h id_.antical puitiors, a:A then co.pare their

phaimacological behavior. Thus, we will ascertain whether
gluccse is indeed the prefered z.ugar for glycosyl
containing antidotes, or it is the position through which
the sugar moiety is linaied to the pyridine backbone,
which determines how efficient the glycosylated antidote
would be.

" For that purpose, we intend to synthesize an analogue of
E-212 in whi.ih the g9'rJcoe roz" le would be replaced by

_.9' galactose. In parallel, an analogue cf E-290b, in which
t' tho _;alacto, 1ic-Icue w:uld be replaced by glucose, will
also be pPe.ued. ,uth pairs will then be evaluated

.-r - l, iriacouinetics, toxicity and
plotcctive rotius. Zuh data may po:,',;de us w[t an 5'

C' imprtant informatiui concernitvj stiu.tu, ' activity %

-eai : %



B) The relations between the linkage ~Pssition of the
sugar moiety and the identification of the glycosyjated
o!ime by the _ugar re,.snition sites.

In our previous studies we could not demonstrate
competition between free glucose and glycosylated oximes
for the glucose transporter. However, it is possible
that when the linkage of the sugar residue will result in
a derivative with a free anomeric position, the
recognition of the glycosylated oxime, will be manifested.
We propose therefore, to prepare several glycosylated
pyridinium aldoximes, in which the attachment of the
sugar residue to the pyridine backbone, will be through
possitions other than the anomeric site. This will be
done by synthesizing a family of sugar oximes, in which
the sugar moiety will be linked through possition 2, 3,
4, or 6 of the sugar. For that purpose, we will start
with a suitable protected sugar, in which the OH group
will be condensed with the pyridine component, by the
methods which were employed successfuly for obtaining the
previously described sugar oxime. Alternatively, we may
use an activated ester like triflate for achieving the
required linkage. The members of this family will be
tested for their affinity to the sugar transporter and
for the pharmacokinetic profile as well as for their
antidotal properties.

6.1.2 Bic-oximez

Bis-quarternized pyridinium oximes include among their
various members much more powerful antidotal agents
compared to mono quarternized analogues. We expect that
glycosylated bis-oximes will exhibit improved
prophylactic and pharmacokinetic advantages, as well as
an increase in their antidotal efficacy, compared to non
glycosylated bis-oximes. Conformation of this expectation
will mark a new class of potent antidotes.

%!
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The following bis-quarterflized sugar oximes are planned:

Commound Position

HOCH 2

68 4
COR

3
ROCH2

11041=0 6b ~ #C

2 -0o H2HC

6- a,b~e

6c

C'"

a..
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Sxnthetic aM2roach for 6a

a) The fiist step involves the synthesis of an amide ox
. an ester of nicotinic acid (or isonicotinic acid)

derivative. For this purpose, we prefer to work with
nicotinic anhydride, rather than with nicotinyl chloride
which is less stable in solution (15).

b) N-Nicotinyl glucosamine may be obtained by reactinga methanolic solution of glucosamine with nicotinic

anhydride dissolved in the same solvent. At this stage,
it is not clear if there is an advantage to esterify the
hydroxyls of the amide B in order for all the reactants
to be soluble in aprotic solvents. This seems to be
important for having all the reacting components in
solution, when considering quarternization with A, as
described in scheme D.

Scheme D

0 HO
C 'f1O4 TCH2OH

A B

~For obtaining compound 8 we intend to employ the
glucosyl bis-trif late derivative represented by 7 and to
condense it with 4-pyr'idine aldoxime. After alkaline
treatment we expect to obtain 8 (see scheme E). .

Scheme E "

0d

0 C-NOO'

C- CH2"OSCF 1) Quatern1otiW :

• * , • , ;, '. , e . , - -... , '.. .'. , .', ..'-'. ,..... . . . ..... .... . .-.. . .. ".. . .... . . .,.,. ,*. .

p . . .. .
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6.2 !G__X2§!§!td Derivatiyez ofAtr22jine

As mentioned earlier, the introduction of a glycosylated drug
may enhance its permeability through cell membranes and increase
its availability at the sites of actions, relative to a non-sugar
derivative. In order to test this hypothesis we suggest to~
synthesize drugs other than oximes, but which are used in
combination with oximes for OP poisoning therapy. We selected as
a test compound glycosylated atr opine (compound 9).

The glycosylated atropine derivative 9 will be prepared via
glycosylation of the hydroxyl function according to the following
shce me:

Scheme F

CII2OAc 1) Glycosylatlan

OOH
c r

O.5.

'-5

.

-24-4-OG

DCC

0  .2 - -G(OCA) 4  H2OG(OH) 4

3tied e C61r5  Thior a I
C-C6H5

CH3 ! 5

'.

CA :Chioroacetyl (CICH CO-);
C i Pathyl Tropic acid

o : a-acetobromo glucose;
E c Tropine;

os(OH)4  Glucosyl Residue u

Nch e m e N A !...%

¢6". s. ". % ~ > w"\- c.- )o. .-
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The chlooaetyl group (CA) is chosen as a selective
protective group (16) due to the possibility of its preferential j
removal without affecting the ester linkage between tropine and
tropic acid. The hydroxyl function of the atropine is regarded
as an important feature of its pharmacological potency (17).
However, we postulate that the hydroxyls of glucose in compound
9, will compensate for the loss of the original one that was
substituted with the sugar.

In order to monitor the syntheses detailed above, we will also
employ mass spectroscopy (17), *H-nmr and "C-nmr (4) to '4

illuminate any specific structural features associated with the
newly suggested compunds. The efficacy of compound 9, in
treatment against OP poisoning, in combination with free or
glycosylated oximes, will be tested in mice.

6.3 Preparation of Radioactively Labelled Derivatives

In order to achieve a better understanding of the mechanism of
action of sugar oximes, we plan to prepare radioactive
analogues. Such analogues will enable us to trace the
distribution of the oxime in the body and to study its
metabolism and transport properties as well. We propose to
synthesize radio-laballed compounds derived from E-212 and E-321.

Scheme G

H(O~ . ) IX H)CHON

(CH2 )3 - 0 - G(OH) 4  (CH2)3 - 0 - G(OH) 4

FG.
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As described above (scheme G), we shall start with the 2-halo
analogue of the appropriate pyridine ketal and after completing
the original procedure (1, 5), the bromo derivative F will be
obtained. A suitable catalytic reduction with tritium and a
subsequent oximation should then lead to the formation of the
required radiolabelled compound G.

Alternatively, 3H can be introduced directly into the sugar
moiety by the method of Koch & Stewart (18) as suggested in
scheme H.

Scheme H

CH2OH 32 C H OH
0o C HCH2CH2CH2 Cl0 C2CH2CH2C 3H 01 ,

OHRaney N"
HO 3H2 0 HO

OOH3
0 ~OHH

HO 3HH OH

H

The radio-labelled compound H will serve as a precursor for
quaternization with various pyridine aldoximes to form 3H-
glycosylated antidotes.

We intend to use the labelled compounds described above for
whole body autoradiography, before and after poisoning, and for
pharmacokinetic studies. In addition we shall conduct in vitro
studies to examine transport as well as binding properties of
the glycosylated oximes, to the sugar recognition sites. By
gathering such information we hope to shed light on the
mechanism of action underlying the antidotal activity of
glycosylated drugs.

, .- | -. - SN -
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S. STRUCTURmAL FORMUILAS

R

0 0 E-168: Ra3-aldoxie subst.
0 -E-196: Rt4- U

oi

OH

E-193,,: R'Ac;4-ald. subst.
!:-21: RI-H ;4-"

x E-21 :RI-H; 3-

E -0 5 
E -2 -a d R 'ub st.4 

- c

E-0:R-3 -adehlcamy subst.

A'EV 9

*v -'a,. a. a : R-3*. -


