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Abstract: Several O-and N-linked inositols and/or aminoinositols have been prepared by iterative opening
of epoxides and aziridines derived from homochiral cyclohexadiene cis-diols. The three inositols and their
intermediate conduritols (conduramines) were tested against several glycosidases (a- and -glucosidase,
o- and f-galactosidase, o- and S-mannosidase) in an assay that measured the rate of hydrolysis of
p-nitrophenolglycosides rather than the concentration of p-nitrophenolate. Somewhat surprisingly, the best
inhibition was seen against -galactosidase with several of the compounds. The inositols linked through
oxygen or nitrogen were subjected to calcium binding studies performed in NMR experiments. Detailed
analysis of the title compounds by NMR spectroscopy has been performed, and full assignments were
made. One of the attendant benefits of the preparation of these compounds has been expressed in the
design and synthesis of new salen catalysts whose effectiveness has been compared with Jacobsen’s
catalyst in the epoxidation of styrene.

Introduction atoms or group8Along with polyhydroxylated alkaloid$most
Investigations of the biological function of sugars have such derivatives show modest to excellent inhibition of the

witnessed enormous progress over the last several years, angommon glycosidases that would be involved in the initial steps

cellular processes such as recognition events are now moreOf cell penetration by the viral material. Similarly, disaccharides

understood, allowing for the development of carbohydrate-based@d even oligosaccharides have been modiierid studied
drugs! Unnatural derivatives of carbohydrates have been at the further for their role in the inhibition of glycosidases. .
forefront of bioorganic chemistry research primarily because  S¢Veral years ago we disclosed the preparation of a series of
of their ability to mimic the structure of monosaccharides and SIMPI oligomers containing the configurationethiro-nositol
hence serve as inhibitors of glycosidases. Since these enzyme&S Shown by the general structdrerigure 1.% The initial reason
are involved in a variety of different biological processes, such 'oF Investigating such compounds was based on the assumption

research naturally leads to potential applications in the treatmentthato'l,'nkfd oligomers of th|§ type may play.all role in |nsuI|n.
of diabetes viral infections® and cance?. mediatiort? and at the same time not be sensitive to the gastric

Recent literature presents many examples of simple Carbo_environment, thus being potential candidates for orally admin-

hydrates in which the oxygen has been replaced with carbon.

istered medicines.
(pseudosugarg) pitrogen (iminosugar$)é sulfur; and other A number of oligomers have been prepatédnd some of

these compounds proved to have interesting metal chelating
* Address correspondence to this author. E-mail: hudlicky@chem.ufl.edu. propertie$* and displayed tertiary structures in solid state. In

d;To WQom correspondence regarding NMR spectroscopy should be gn effort to investigate compounds that would mimic the
addressed.
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Figure 1. Structural comparison oN- and O-linked (amino)inositol
oligomers to natural occurring antibiotics.

connectivity found in naturally occurring antibiotics such as
validoxylamine2 and fortimicin 3, Figure 15 we wished to
prepare and examin®- and N-linked oligomers that would
contain such a motif. To this entll- and O-linked diinositols
and their precursory conduritols (or conduramines) would be
targeted in order that their biological properties may be

examined against common glycosidases. In this article we report
the details of the syntheses of compounds of the general type . .
4, the preparation of some of which has been disclosed in aprowded amine20 (9

preliminary form and which lend themselves to further oligo-

merizations through the interaction of Y with either epoxides .

or aziridinest! In addition, the results of testing of these

compounds against six glycosidases are provided. The future
potential of these compounds as three-dimensional templates

for transfer of C-O chiral connectivity to €C asymmetry is
also indicated.

Synthesis

Bromocyclohexadieneis-diol (5)'® was obtained by
whole-cell fermentation of bromobenzene with. coli

JM109(pDTG601), an organism that expresses toluene dioxy-

genase (TDO) and was further converted to vinyl epoxidé
Reaction of6 with ammonia in the presence of Yb(OTf)
resulted in rapid ring opening of the epoxide to give an amino
alcohol as the intermediate product, which was without isolation
treated with another equivalent of vinyl epoxiéeto afford
dimer7in a one-pot process in 78% yield, Scheme 1. Removal
of the bromine atoms under radical conditions (AIBN zBaoH)
afforded alkeneB in 83% vyield. Treatment o8 with HCI in
MeOH yielded amine-linked dicondurit8las its hydrochloride
(84%).

(15) (a) Ogawa, S.; Ogawa, T.; Chida, N.; Toyokuni, T.; SuamCAem. Lett.
1982 749-752. (b) Ogawa, S.; Ogawa, T.; lwasawa, Y.; Toyokuni, T.;
Chida, N.; Suami, TJ. Org. Chem1984 49, 2594-2599.

(16) (a) Gibson, D. T.; Hensley, M.; Yoshioka, H.; Mabry, TBiochemistry
197Q 9, 1626-1630. (b) Hudlicky, T.; Luna, H.; Barbieri, G. L.; Kwart,
L. D.J. Am. Chem. S0d988 110, 4735-4741. (c) Hudlicky, T.; Stabile,
M. R.; Gibson, D. T.; Whited, G. MOrg. Synth 1999 76, 77—85.

(17) Hudlicky, T.; Tian, X. R.; Kmigsberger, K.; Rouden]. J. Org. Chem.
1994 59, 4037-4039.

Acylation of 8 with acetic anhydride under rather vigorous
conditions afforded acetamid® (88%). Hydrolysis of the ester
groups inl0under basic conditions (NaOMe, MeOH) followed
by acidic cleavage of the acetonides (TFA/THEZH provided
the acetamide-linked diconduritbl in 85% yield for two steps.

To obtain the fully hydroxylated species, dim&f was
subjected to OsgXxatalyzed dihydroxylation (Oszat./NMNO/
acetone/HO) followed by protection of the resulting diols as
their acetonides (DMP, H to give dimerl2in 60% vyield for
two steps. Hydrolysis of the esters (NaOMe, MeOH) followed
by removal of the acetonides under acidic conditions (HCI,
MeOH) furnished the acetamide-linked diinositt® in 57%
yield (two steps).

For the synthesis of amine-linked diinosit®, compound
was treated with acetic anhydride at low temperature to achieve
acylation of the alcohols only, leaving the sterically hindered
secondary amine untouched. Acylation of the latter with
trifluoroacetic anhydride provided trifluoroacetamiti¢ (78%
for two steps). Oxidation with a catalytic amount of QsO
followed by protection of the resulting diols as their acetonides
gave the fully hydroxylated specié$ (53%). Cleavage of the
esters as well as the trifluoroacetamide under basic conditions
(NaOMe, MeOH) followed by acidic hydrolysis (HCI, MeOH)
provided amine-linked diinositdl6 as its hydrochloride in 75%
yield. For the synthesis of diaminoinositol dinef, diol 5 was
converted to vinyl aziridinel8 according to a known proce-
durel”'8Ring opening ofl8 was achieved with ammonia under
Yb(OTf); catalysis followed by treatment of the intermediate
amine with another equivalent of vinyl epoxii¢o afford amine
19in 78—94% yield. Conversion of the alcohol into its acetate
3%), which was subsequently converted
to trifluoroacetamide21 (92—98%). Removal of the halogens
under radical conditions (AIBN, B$nH) afforded alken@2
in 56—73% vyield. Osmylation of the double bonds followed
by protection of the resulting diols as their acetonides afforded
the fully oxygenated specieX3 in 26—61% yield. Hydrolysis
of the acetate and trifluoroacetamide under basic conditions
(57%), removal of the sulfonamide with Na in liquid ammonia
(84%), and acidic hydrolysis of the acetonides afforded diinositol
17 as its hydrochloride salt in 77% vyield. For the preparation
of oxygen-linked diinositol24, we envisioned a convergent
strategy. Vinyl epoxides was opened under basic conditions
to provide diol 25 in 63% yield. Reaction oR5 with vinyl
aziridinel8under BR-Et,0O catalysis afforded a mixture of two
ether26a(52%) and26b (18%), along with several byproducts
(vide infra). Removal of the halogens under radical conditions
gave 27a (92%) and27b (86%). After hydroxylation of the
double bonds and protection of the resulting diols as acetonides,
both isomers converged into a single compo&l(65%).
Deprotection of the tosylamide with Na in liquid ammonia
followed by hydrolysis of the acetals under acidic conditions
provided free dimeR4 as its hydrochloride salt in 52% yield.

Upon examining the byproducts of the Lewis-acid-mediated
coupling, we were also able to identify compourBc, 29,
and 30 in the reaction mixture (Figure 2).

The presence of theis-configured dime26cwas somewhat
surprising and indicated that this material was formed by an

(18) (a) Tian, X. R.; Hudlicky, T.; Kaigsberger, KJ. Am. Chem. S0d.995
117, 3643-3644. (b) Hudlicky, T.; Tian, X. R.; Knigsberger, K.; Maurya,
R.; Rouden, J.; FarB. J. Am. Chem. S0d.996 118 10752-10765.
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a Reagents and conditions: (i) DMP;H(ii) mCPBA, CHCly; (iii) NH 3, Yb(OTf)3; (iv) 6, dioxane A; (v) AIBN, BuzSnH, THF; (vi) HCI, MeOH; (vii)
Ac,0, pyr. DMAP, dioxaneA; (viii) NaOMe, MeOH; (ix) THF, TFA, HO (2:2:1); (x) OsQ, NMNO, acetone, kD; (xi) AczO, pyr. DMAP, CHCly, 0 °C;
(xii) TFAA, pyr. DMAP, dioxaneA.

Syl-type mechanism. Surprisingly, the relative ratio of these pairs in the DQCOSY spectra recorded in DM8§¥+or dimers
products 26a26b:26c29:30= 2:1:1:1:1) proved to be generally 16 and 164, having identical inositol units, complef¢d and
unaffected by changes in temperature, catalyst concentration 3C assignments were made on the basis otithe'H andH—
and solvent, except for a higher percentag8®ih the reaction 13C correlations seen in the GHMQC, GHMBC, DQCOSY, and
mixture at high catalyst concentrations. NOESY spectra. The size of the coupling constants between
the CH protons in positions 1 through 6 confirmed the
stereochemistry of the inositol rings. The chemical shifts in
The structure assignments of tNeandO-linked oligomers DMSO-ds at 25°C were referenced to TMS and are given in
were inferred initially from first principles of reactivity of  Table 1. Variable-temperature spectra in the intervat 25°C
epoxides and aziridines (assumimngns-diaxial opening of the afforded the temperature coefficients of filechemical shifts,
strained three-membered rings with nucleophiles) and confirmedalso reported in Table 1. The relative exchange rates of the OH
by detailed analysis dH NMR spectra and, in some cases, by protons with water, measured in the NOESY spectrum, paral-
X-ray crystallography. leled the temperature coefficients, indicating that the latter are
Severe overlap of the ring protons in the dimers having indicative of the accessibility of the OH groups to the solvent
different inositol moieties prevented the assignment of the proton molecules. The NOEs are not very useful in the study of the
signals; however they displayed the expected 10 H{X)X) conformation in solution of these molecules because of their

Structure Assignment by NMR

10418 J. AM. CHEM. SOC. = VOL. 124, NO. 35, 2002
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symmetry. The NOESY spectrum b6, however, revealed fast The NMR data for compound&6a—c raises intriguing
exchange between the NHprotons at 8.10 ppm and the OH  questions about the outcome of the ring opening of aziridine
protons in position 4, at 5.55 ppm. Corroborating this with a 18 by diol 25. Both the!H—H vicinal couplings and théH—
small temperature coefficient for the OH in position 2 (5.24 13C long-range couplings confirm th&6b results from the
ppm), indicative of intramolecular hydrogen bonding, one can reaction of the hydroxyl at C-3 of did5, while 26aand26c
infer for 16 a solution conformation in which rotation about are the products of the reaction of the C-4 hydroxy2& The

the C-N bonds brings the OH'’s in position 2 closer, within a values of the coupling constants given in Figure 1 demonstrate
distance appropriate for mutual hydrogen bonding, and the OH's that 26a and 26b are indeed the expected productstians

in position 6 closer to the ammonium protons. aziridine ring opening, but i26c strongly support a structure

J. AM. CHEM. SOC. = VOL. 124, NO. 35, 2002 10419
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Coefficients of the H Chemical Shifts for Compounds 26a—c
Q, A Br B, ,0./ 26a 26b 26¢
0 Br On  doWdT  Oc On  doWdT  Oc On  doWdT  Oc

Ts
9 -%/O R / position (ppm) (ppb/K)  (ppm)  (ppm) (ppb/K)  (ppm)  (ppm)  (ppbrK)  (ppm)
0~§:_>—o 'i)Qo 120 1204 1227
Br

OH

2 6.36 0 133.6 6.37 0.4 133.2 6.47-0.3 132.2
Br o/%
26¢

#\ Table 2. H and 13C Chemical Shifts and Temperature
Q

[

4.15 0 77.7 3.96 2 775 3.92 9.7 76.2
3.67 05 572 3.62 0 56.7 3.53 23 55
4.07 05 771 415 04 76 43 —-0.7 748

3

o} 4

5
6 461 —-05 77.2 461 01 773 463-12 774

7

8

9

TsHN,
g

29

143 -0.1 278 141 07 279 133 -27 277
133 -0.2 262 134 06 264 136-12 26.2

Br
0 .
X 111.4 118.8 1105
F N0 T 119.2 118.4 117.8

li\lHTs 2 6.22 —0.1 1343 5.98 3.4 1327 6.26-1.7 1359
3 3.97 05 693 38 09 783 4.12-17 705
30 4 3.44 0.8 814 348 27 727 3.18 6 83.8

5 4.17 19 774 404 -01 773 4.03 13 774
6' 4.63 01 774 462 —07 772 461 —-0.2 776
4 1.43 0 259 1.57 0.4 284 1.39 27 26

Figure 2. Byproducts of the BEFEt,O-catalyzed coupling reaction.

oH OH 8 154 0 28 142 —01 26 139 -02 276
HO.,, OH HOx,, A~_,OH 9 111.2 111.4 111

/CE /CE OH 276 —52 26 —41 401 -19.3

HNT Y YOH o” > “oH NH 534 —65 476 —11 6.58 —19.8
OH OH 1" 139.1 138 137.8
HOJ,,_ N wOH HO,, A _\OH 2 783 02 1277 7.78 06 127.4 7.84—0.8 127.7
g g 3 729 —02 1294 73 0 1299 7.32 —0.8 129.9
HO ""oH HO o V. - 1433 144 144.1
L L 5° 242 0 217 244 0 222 242 -03 214

16 16a

Figure 3. Position numbering for compounds and16a originating in aziridine o26b to the coupling constants on the

Table 1. H and 13C Chemical Shifts and Temperature rings originating in diol o26a—c demonstrates th&tb is the
Coefficients of the 'H Chemical Shifts for Compounds 16 and 16a product of trans ring opening (with H3, H4, and H5 all
16 16a pseudoaxial) and that the coupling constants do not depend
OCH  Oc  O40H dOOHIAT OCH e 0w do.OHIT significantly on the substitution pattern of the ring. The values

position  (ppm)  (ppm)  (ppm)  (ppb/K)  (ppm)  (ppm)  (ppm)  (ppbiK) of the vicinal coupling constants of H3 6¢ 3Jy2-n3 = 5.5

1 372 725 52 —48 372 724 449 —6.7 Hz and®J43-n4 = 3.7 Hz, clearly demonstrate that this hydrogen

2 395 681 524 -16 365 719 568 -—4.2 is equatorial and th&6cis the product of theis ring opening.

3 353 637 343 65.7 ; ;

4 375 701 555 —44 347 738 562 -6 The NOEs seen in the NOESY spe.ctrl.JmIZﬁ‘c recorded in

5 349 715 477 -64 35 716 416 -7.6 CDClz at —25°C support thIS. cqnclusmn. H&r]d HS display

6 3.68 722 496 -52 367 727 446 -54 the NOE expected for 1,3-diaxial protons, while H3 and H5 do

not. Similarly, 26ab display the NOEs between H3 and H5

in which the ring opening occurreds, indicative of an §1- and between H3and H3. The NOESY spectrum oP6a
like substitution of a cation or its ion pair. indicates that the solution conformation is very similar to that

The chemical shifts given in Table 1 have been determined observed in the solid state (Figure 5).
in CDClz at 25°C. The chemical shift assignment was based =~ NOEs between H2 and H8H3 and H8, and H2 and H2'
on*H—H couplings seen in selective decoupling experiments, demonstrate that of all the possible conformations arising from
and on one-bond and long-randel-13C couplings seen in  rotation about the C30—C4 bond,26aadopts one in which
GHMQC and GHMBC spectra, respectively. C9 is close to C2. This is also confirmed by the NOEs of
The assignment of methyls of the acetonide groups was madecomparable size between H2 and H3 and between H2 ahd H4
based on the NOEs seen in the NOESY spectra, namely, strongand by a larger NOE of H4with H2 than with H4. A larger

NOEs between H8 and H5, H6 and betweeri &7d H3, H6'. NOE of the OH with H2 than with H2ndicates that the OH is
The temperature coefficients of the chemical shifts have beenoriented toward the tosyl group, but a small value for the
measured in CDGJ in the temperature intervat25 to 55°C. temperature coefficient of the OH chemical shift suggests lack
The consistency of the coupling constallgs—ps, 3Jna—Hs, of hydrogen bonding. A coupling constant of 7.6 Hz for the

3JH5-He, aNd3Jhs—ne IN compound®6a—c clearly demonstrates  NH, together with larger NOEs to H3 and H5 than to H4,
that both cyclohexene rings in all three compounds are in the indicates that the NH is antiperiplanar to H4. The phenyl group
same conformation, one in which the hydrogens in positions 4, prefers a position on the same side of the molecule as C7, as
5, 4, 5 are pseudoaxial. Vicinal coupling constants ef8Hz suggested by NOEs between'Hand H7.

for the protons in positions' 34', and 5 in compound®6a—c The NOESY spectrum &6b, in CDCl; at —15 °C, displays
confirm that these protons are all pseudoaxial. A value of ca. 2 an NOE between H2 and H4which indicates that of all the

Hz for 3Jy>—pg also indicates that H3s axial, a position in conformations arising from rotation about the-&3—C4 bond,
which the dihedral angle H2C2—-C3—H3 is close to 90. 26badopts the one in which the OH and the NH an¢i. NOEs

The similarity of the vicinal coupling constants on the ring of similar magnitude of H2 and H2vith H3 and H3 suggest

10420 J. AM. CHEM. SOC. = VOL. 124, NO. 35, 2002
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Figure 4. Position numbering and vicinal coupling constants (in Hz) for
compound26a—c.

Figure 5. Crystal structure of dime26aas determined by X-ray diffraction.

that the bridge C30—C3 is twisted as to bring HXloser to
H2. Proton HZ displays NOEs with H2 H4', and H7, which
confirm that the tosyl group ianti to the OH with respect to
the C3-O—C3 junction and on the same side of the cyclo-
hexene ring CtC6 as H3. The OH displays a vicinal coupling
constant of 2.0 Hz and the only NOE with H4herefore it is
most likely in one of the two gauche positions to this one. The
NH has a vicinal coupling of 8.0 Hz and NOEs with H3, H4,
and H5, consistent with the NH being antiperiplanar to H4. The
temperature coefficients of the chemical shifts are smaller in
26b than in26c The protons experiencing larger values are
H3, HZ, and H4; most likely the variation of the chemical shifts
with the temperature is due to changes in the angle €E3—
O—C3—H3'. The hydroxyl proton has a small temperature
coefficient, and most likely is not involved in any hydrogen
bonding.

The exchangeable protons, NH and OH, display significant
differences in chemical shifts and, most importantly, in the

temperature coefficients of the chemical shifts between com-

pounds26c¢ and 26b. Large negative temperature coefficients

Figure 6. Comparison of the structures @# and 33.

indicate that in26c both of the exchangeable protons are
involved in hydrogen bonding. The solvent, CRQCk not a
hydrogen bond acceptor; therefore the hydrogen bonds have to
be intramolecular, and of all the conformations arising from
rotation about the G30—C4 bond, 26¢ has to adopt at low
temperature the one in which the OH and the NHsme The
NOESY spectrum o26cat —25 °C displays the NOEs expected
for such a conformation, i.e., HH7', H2—H5', OH—NH, H5—
OH, NH—H3', and OH-H2".

The NH is antiperiplanar to H&{yy-n4 = 8.0 Hz) and forms
a hydrogen bond to the oxygen in the hydroxyl group, across
the eight-member ring H-O—-C3—-C4—-0—-C3—-C4—N, a
picture confirmed by five large NOEs of the NH with OH, H4
H3, H4, and H5. Large NOEs of MWwith H2 and H3 agree
with this hydrogen bonding, but only for the structure in which
the substituents in positions 3 and 4 a@ie The OH proton
displays a coupling of 4.2 Hz with H&and NOEs with H2
H3', and H5; its most likely location is intercalated between
C3—H3 and C3—C2. The coupling constants of the OH and
NH do not vary significantly with temperature, indicating that
the formation of the hydrogen bond produces only a small
change in the orientation of these protons relative to their vicinal
partners. The NOEs of Hawith H3, H4, and H4and the NOE
of H3" with H7' all demonstrate that the tosyl moiety is on the
same side of the eight-member ring-HD—C3 —C4'—0O—C3—
C4—N as H4. The protons having a large positive temperature
coefficient of the chemical shifts, H3, H4, H4&nd H7, are in
the same region of space, which probably is the shielding region
of the tosyl ring in the most stable conformation. Large
temperature coefficients for the chemical shifts of H7 (negative)
and H7 (positive) are more consistent with reorientation of the
tolyl group upon the formation of a hydrogen bond between
the OH hydrogen and an oxygen in the sulfonic moiety than
with rotation about the C30—C4 bond upon the formation
of the NH--O bond.

Calcium Binding Affinity Study

Our earlier report on the €& sequestering properties
associated with amino diinosit8B'4 prompted us to investigate
the C&" binding potential of all three oligomers, but especially
24, as it is configurationally identical t82 except for one extra
hydroxyl group. The binding affinity toward €awas studied
for compounddl6, 17, 24, and33 by monitoring the change in
chemical shifts of the CH protons in deuterated water, upon
titration with a DO solution of known ratio of Caglnd acetic
acid. The acetic acid was used to calculate thé*@zositol
ratio from the proton spectra. A plot of chemical shifts versus
concentration showed a small variation of the chemical shifts
(less than 0.03 ppm for a ratio &4inositol of 5) for compounds
16, 24, and33. The change in the chemical shifts during titration
of CH’s 1—6 in these compounds also paralleled the temperature
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Figure 7. Calcium interaction studies of diméi7. Top spectrum is without G&, bottom one contains excess calcium ions.
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Figure 8. Inhibition of a-mannosidase by DIM3Q).

coefficients of the corresponding OH'’s; therefore they merely enzymes was very labor intensive, especially since we encoun-
reflect the change in the ionic strength of the solution and no tered problems with the reproducibility of our data using this
C&" binding occurs. In the case of compouhid a net change  protocol. To ensure a faster and less error-prone inhibition
in chemical shift (0.1 to 0.2 ppm) is observed for what would evaluation, we set our focus to modifying the current protocol
be the protons nearest the nitrogen in the molecule, namely,to allow for a more rapid screening. (For a more detailed
protons in positions 3 and 4, which were identified by their description see the Experimental Section.) All compounds were
two large couplings, signifying an axial proton with two axial screened against the corresponding enzymes at or close to their
neighbors. On the other hand, the protons assigned on theoptimum pH value, and the liberatggtnitrophenolate was
“periphery” of the molecule barely shift at all. This is clearly monitored at 400 nm without a basic quench. We used a
indicative of the molecule binding with calcium. multicell spectrometer, which allowed the monitoring of the

Glycosidase Inhibition Studies (19) For examples see: (a) Saul, R.; Molyneux, R. J.; Elbein, AAfzh.
Biochem. Biophysl984 230, 668-675. (b) Fleet, G. W. J.; Smith, P. W.;
Evans, S. V.; Fellows, L. El. Chem Soc., Chem. Comm884 1240~

For the evaluation of the glycosidase inhibition properties of 1241. (c) Dale, M. P.; Ensley, H. E.; Kern, K.; Sastry, K. A. R.; Byers, L.
i i i : i H D. Biochemistry1985 24, 3530-3539. (d) Daniels, L. B.; Coyle, P. J.;
inositol dimers, we first utilized the conventional asday. Chiao Y B Glew. R. H.: Labow. R. 9. Biol Chem1081 256 3004

However, the screening of all compounds toward several 3013.
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Figure 9. Glycosidase inhibition of inositol oligomers.
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Figure 10. Inhibition of $-galactosidase.

enzymatic reaction at different inhibitor concentrations over a 1Csp values could be obtained either graphically or by math-
period of time (usually 20 min). For active compounds we ematical means.

observed a decrease of the initial rate with increasing inhibitor
concentration. When plotting the reaction rates (normalized to
the initial rate= 100%) against the inhibitor concentrations, To verify the reproducibility and accuracy of the assay, we
inhibition curves were generated from which the corresponding compared the results of the new testing procedure with literature

Results and Discussion
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a Reagents and conditions: (i) NaOMe, MS 3 A, MeOH, EtQ¥,(ii) Mn(OAc),+4H,0, EtOH, PhCH, A; (iii) air, then NaCl (sat.); (iv) DMP, H.

Table 3. Glycosidase Inhibition of Inositol Oligomers

inhibitor tested (ICsp, 1M)

enzyme 13 11 16 9 24 17
f-galactosidase 980 100 750 620 1120 n.l.
f-glucosidase n3 n.l n.l. n.l. n.l. n.l.
o-mannosidase n.l. n.l. n.l. n.l. n.l. n.l.
a-glucosidase 370 1350 n.l. 1400 1750 n.l.
a-galactosidase n.l. n.l n.l. n.l. n.l. n.l.
p-mannosidase n.l. n.l. n.l. n.l. n.l. n.l.

an.l. = less than 50% inhibition at an inhibitor concentration of 2000

uUM.

values obtained by the traditional way. As a test substrate we
chose 1,4-dideoxy-1,4-imino-mannitol (DIM) (31), a powerful
inhibitor of o-mannosidase (Figure 8).

The literature reports an kg value for DIM againsta-
mannosidase of 0.6M ([S] = 0.33 mM; pH= 4.5), whereas
our assay produced a value of 039l ([S] = 2.5 mM; pH=
6.0)20

AcN™ CH,OH
BOIB YOG
HO” > "OH )J\y ¥~ “OH HO” ™" “OH

OH ~~ OH OH

13 11 32

Figure 11. Comparison of the configuration df3, 11, andj-p-galactose
(32.

that will be confirmed or rejected when all monomeric units of
13 and 11 as well as the corresponding trimeric compounds
are subjected to the same inhibition studies.

Inositol-Based Salen ComplexesDuring the synthesis of
diamino derivativel9 we discovered a surprisingly efficient
procedure for the synthesis thins-1,2-diaminotetrahydroxy-
cyclohexanes. A preliminary account of the TBAF-catalyzed
opening of a tosylaziridine with toluenesulfonamide has been
publishec?! and an initial investigation of the role of this
compound in the design of (potentially) water-soluble catalysts

By using the protocol described in this article, we obtained for Jacobsen epoxidation has been made.

the inhibition data shown in Table 3 and Figure 9.
It was surprising to find that almost all oligomers were active
against-galactosidase, despite the fact that the peripheral

Thus the salen catalys®} and 35 have been prepared as

shown in Scheme 4.

Previously reported 3,4-diamino-3,4-dideoxy-chiro-inosi-

substitution of these compounds does not correspond to themlrf?) )\:vggztzreﬁt]edIV\iltthralde:\dydf an(:“l/)ar?e dtot affrzrdnsalr:an
configuration of the naturab-galactose. COMPIEX S € latter cou € converteg o manganese

When comparing the structure ofchiro-aminoinositol13 complex34 by modifying Jacobsen's proced ompound

and conduramine-F witf3-p-galactose, it is evident that they 38 was protected to afford salen-type specds which was

do not possess the same hydroxylation pattern, except at three onverted to protected cataly8 by following the same

of the hydroxylated carbons. We may speculate that hydroxyl protocol.

groups from both inositol rings as well as the acetamide oxygen (21) Paul, B. J.; Hobbs, E.; Buccino, P.; Hudlicky, Tletrahedron Lett2001,

i ici i indi i 42, 6433-6435.
mlght part|C|pate in the bmdlng to the enzyme, a SpeCUIatlon (22) Belekon, Y.; Ikonov, N.; Moscalenko, M.; North, M.; Orlova, S.; Tararov,
V.; Yashkina, L.Tetrahedron: Asymmetr§996 7, 851-855.
(23) Larrow, J. F.; Jacobsen, E. N.; Gao, Y.; Hong, Y.; Nie, X.; Zepp, CIJM.
Org. Chem.1994 59, 1939-1942.

(20) Because of the low equilibrium concentratiorpafitrophenolate at pH=
4.5, we were unable to perform the assay at this low pH.
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Figure 12. C—0O to C—C connectivity translation.

Both catalysts34 and 35 were compared to Jacobsen’s
original catalyst in the chiral epoxidation of styreié®
Jacobsen’s catalyst gav@styrene oxide in an enantiomeric
excess (ee) of almost 60% in this reaction-at8 °C, whereas
catalysts34 and 35 afforded theR-configured product with an

W

Sodium phosphate buffer (25mM) pH 6.0 for a-mannosidase,
a-galactosidase

Sodium phosphate buffer (25mM) pH 5.5 for f-mannosidase

The inhibitor concentration was kept around 1 mg/ mL. All tests
were run at 37°C, except for thean-mannosidase assay, which was

ee of 16% and 27%, respectively. We were also surprised to performed at 25C. The substrate concentration was 5 mM except for

find that the four hydroxyl groups in cataly34 did not enhance
its water solubility at all. Further endeavors in this field will

focus on attaching polar groups (e.g., sulfates) on the alcohol

moieties to increase the water solubility.
Conclusion

The N- and O-linked oligomers have been synthesized and

the a- and f-mannosidase assay, where it was 2.5 mM. The enzyme
concentration was adjusted to produce a slope of approximately-0.02
0.025 except for th¢g-mannosidase assay, where it was adjusted to
give a slope of 0.0050.01. The final volume (adjusted with the
corresponding buffer) was 10Q in all cases.

To a solution of varying amounts of inhibitor (usually-800 «L)
in the corresponding buffer solution was added Z0®f the enzyme
solution, except for one vial that was run as a blank to correct for the

subjected to glycosidase inhibition studies. For one of these autohydrolysis of the substrate. All samples were preincubated at the
compounds the precursory conduramine oligomers has beerforresponding temperature for 30 min, after which the reaction was

found more active, by an order of magnitude, than the

corresponding fully hydroxylated analogue. This observation
is in agreement with postulated models for the transition states

in the hydrolysis of the glycosidic linkage: the cyclohexene

started by addition of the substrate (4d0). The absorption was then
recorded over a period of 20 min by continually scanning all samples.
The slopes obtained for the individual samples were then plotted against
the inhibitor concentration to obtain the usual inhibition curves.
Aziridine —Alcohol Couplings: Typical Procedure. Borontrifluo-

motif of the conduritol (conduramine) resemble; more closely (e diethyl ether complex (24/2L, 250mol) in dry CHCl, (15 mL)
the tetrahydropyranyl cation. Somewhat surprising was the \yas added to a stirred solution of aziridihé (1.0 g; 2.50 mmol) and

finding that all compounds showed, albeit modest, activity

againsis-galactosidase. The configuration of its corresponding

substrate is not reinforced in any of the tested compounds.
These preliminary results bode well for further investigation

diol 25 (0.66 g; 2.50 mmol) at-50 °C. The mixture was allowed to

warm to—10°C and stirred at that temperature for 20 min. A saturated
solution of NaHCQ (20 mL) was added, and mixture was extracted
with CHxClI (3 x 30 mL). The combined organic layers were dried

aimed at determining which structural units are responsible for (MgSQ:) and concentrated under reduced pressure. The products of

increase or decrease of antiglycosidic activities.

The compounds themselves are also suited for a host o

material or molecular recognition studies. Apart from the

the reaction Z6a—c, 29, 30) were separated by flash chromatography

f(3:1 hexanes/ethyl acetate).

5,6-Bis[(3,5-ditert-butyl-2-hydroxybenzylidene)amino]cyclohexane-
1,2,3,4-tetraol (38).To a solution of hydrochlorid&6 (150 mg; 0.597

opportunities in catalyst design for compounds containing the mmol), aldehyde87 (308 mg; 1.3147 mmol), and crushed, activated

trans-diamino cyclohexane motif, these structures may be used

as templates for potential transfer of chirality fromO bonds

molecular sieves (3 A) in a 1:1 mixture of EtOH and MeOH (15 mL
total) was added a 0.2 M solution of NaOMe in MeOH (12 mL), upon

to C—C bonds by a number of processes such as free radicalwhich the reaction mixture turned bright yellow. The solution was
cascades, Heck-type cascades, or Grubb’s metathesis bondieated to reflux for 15 h and then allowed to cool to room temperature

formation of oxygen-tethered functional groups. One such
possibility is outlined in Figure 12.

Further results in the investigation of chemistry, structure,
biological activity, and catalytic or template roles of these
oligomers will be reported in due course.

Experimental Section 26

General Procedure for the Inhibition Assays. The following
buffers were used for the tests:

Sodium phosphate buffer (25mM) pH 7.3 for 5-galactosidase

Sodium phosphate buffer (25mM) pH 6.8 for S-glucosidase,
o-glucosidase

(24) Palucki, M.; Pospisil, P. J.; Zhang, W.; Jacobsen, E1.M\m. Chem. Soc.
1994 116, 9333-9334.

(25) Because of the easy availability of both enantiomers of styrene oxide, we
chose styrene as a substrate, despite its moderate suitability as a substrate

for the Jacobsen epoxidation.

and concentrated in vacuo. The residue was redissolved i€Igt20

mL) and filtered through a plug of silica and evaporated again. The
residue was loaded on a flash-chromatography column and eluted with
hexanes/ethyl acetate (1:1) to obt&8 as a yellow foam (292 mg;
80%): [0]p?® +206.6 € 0.60, CHCI); IR (film on NaCl) 3403, 2956,
2924, 2869, 1626, 913, 743 cf 'H NMR (CDCl;, 300 MHz)6 8.35

(26) All nonaqueous reactions were performed using standard techniques for
the exclusion of moisture and air. Methylene chloride and dioxane were
distilled from calcium hydride, whereas ether and THF were dried over
sodium/benzophenone. Thin-layer chromatography was performed on
Silicycle plates and flash chromatography using Natland-2® mesh
silica gel. Melting points were recorded on a Hoover Unimelt apparatus
and are uncorrected. IR spectra were recorded on a Perkin-Elmer FT-IR or
on a Perkin-Elmer Spectrum One FT-IR spectrométdrand 3C NMR
spectra were recorded on a Varian Gemini (300 MHz), a Varian VXR (300
MHz), a Mercury 300 (300 MHz), and an Inova 500 (500 MHz) instrument.
All chemical shifts are referenced to TMS or residual undeuterated solvent.
Optical rotations were measured on a Perkin-Elmer 341 instrument. All
combustion analyses were performed by Atlantic Microlab, Norcross, GA.
Mass spectra were recorded by the analytical division at the University of
Florida, Gainesville.
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(s, 2H), 7.33 (dJ = 2.4 Hz, 2H), 7.02 (dJ = 2.4 Hz, 2H), 4.26-
4.4.32 (m, 4H), 3.643. 74 (m, 2H), 1.40 (s, 18H), 1.22 (s, 18HjC
NMR (CDCl;, 75 MHz) 6 169.8, 158.1, 140.6, 136.8, 127.7, 126.8,
117.8, 71.9, 71.3, 70.2, 35.2, 34.3, 31.6, 29.6; HRMS calcd for
CaeHssN206 (M + H)* 611.4060, found 611.4062. Anal. Calcd for
CseHsaN2Og: C, 70.79; H, 8.91. Found: C, 70.25; H, 8.95.
5,6-Bis[(3,5-ditert-butyl-2-hydroxybenzylidene)amino]cyclohexane-
1,2,3,4-tetraol Manganese Complex (34)In a three-neck flask
equipped with a reflux condenser was dissolved Mn(Q4¢),O (300
mg; 1.223 mmol) in EtOH (10 mL). The mixture was heated to reflux,
after which a solution of ligand7 (249 mg; 0.407 mmol) in toluene
(10 mL) was added dropwise ava 5 min period. The mixture was
allowed to reflux for 1.5 h, after which air was bubbled through the
solution for 2 h. After that time, no more ligar&8 could be detected

117.9,109.3,77.7,75.5,71.2,35.1, 34.2, 31.6, 29.6, 28.3, 25.8; HRMS
calcd for GoHsaN2Os (M + H)* 691.4686, found 691.4683. Anal. Calcd
for CyHe2N206+0.5H,0: C, 72.07; H, 9.07; N, 4.00. Found: C, 71.91;
H, 8.98; N, 3.79.
5,6-Bis[(2-hydroxy-3,5-dimethylbenzylidene)amino]cyclohexane-
1,2:3,4-di-O-isopropylidene-1,2,3,4-tetraol Manganese Complex (35).
In a two-neck flask equipped with a reflux condenser was dissolved
Mn(OACc),*4H,0 (64 mg; 0.260 mmol) in EtOH (3 mL). The mixture
was heated to reflux, after which a solution of ligasd9 (60 mg;
0.868 mmol) in toluene (3 mL) was added dropwiser@/é min period.
The mixture was allowed to reflux for 45 min, after which air was
bubbled through the solution for 5 h. After that time, no more ligand
39 could be detected by TLC monitoring. Heating and air were
discontinued, and the reaction mixture was quenched with brine (15

by TLC monitoring. Heating and air were discontinued, and the reaction mL) and allowed to cool to room temperature. To the solution was

mixture was quenched with brine (15 mL) and allowed to cool to room

added toluene (15 mL), the layers were separated, and the organic layer

temperature. To the solution was added toluene (50 mL), the layers,ac washed with O (2 x 5 mL) and brine (1x 5 mL). After the

were separated, and the organic layer was washed with(Rl x 20
mL) and brine (1x 20 mL). After the solution was dried (N&Oy)

solution was dried (N$&8OQ;) and concentrated, a brown residue was
obtained, which was dissolved in GEl; (1 mL). To this solution was

and concentrated, a brown residue was obtained, which was dissolved, jqeq heptane (10 mL), which caused precipitation after a few minutes.
in CH,Cl2 (1 mL). To this solution was added heptane (10 mL), which e ¢rystals were removed by filtration, the mother liquor was

caused precipitation after a few minutes. The crystals were removed
by filtration, the mother liquor was evaporated, and the residue was
subsequently dissolved again to obtain three more fractions. The

combined precipitates were dried at high vacuum to ob®iras a
brown solid (93 mg; 33%): d]p?® +830 (€ 0.013, CHC)); IR (film
for CaeHs2MNnN2Os (M — CI)* 663.3206, found 663.3225. Anal. Calcd
for CgeHs,CIMNNOg+1.5H,0: C, 59.54; H, 7.63; N, 3.86. Found: C,
59.34; H, 7.33; N, 3.74.
5,6-Bis[(2-hydroxy-3,5-dimethylbenzylidene)amino]cyclohexane-
1,2:3,4-di-O-isopropylidene-1,2,3,4-tetraol (39)Ligand 38 (62 mg;
0.101 mmol) was dissolved in GBI, (5 mL) and DMP (20QuL). To
this solution was added a spatula tippTsOH, and the mixture was
stirred at room temperature for 20 h. Additional DMP (200 and

p-TsOH (1 spatula tip) was added, and the mixture was allowed to stir

evaporated, and the residue was subsequently dissolved again to obtain
three more fractions. The combined precipitates were dried at high
vacuum to obtain crud85 as a brown solid (21 mg; 31%). No further
purification of 35was performed: ¢]p%° +141.5 € 0.050, CHCJ); IR

(film on NaCl) 3435, 1644, 1616, 1532, 1260 thlhHRMS calcd for
Cs2HsoMNN2Og (M — CI)* 743.3832, found 743.3826. Anal. Calcd for
C42HeoCIMNNLOe: C, 64.73; H, 7.76; N, 3.59. Found: C, 43.69; H,
5.52; N, 1.98.
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