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Methodology for the conversion of glucuronic acid glycosides to novel bicyclic S-lactams is reported. Using this strategy, we prepared two
novel templates suitable for use in combinatorial chemistry strategies for the construction of a number of interesting B-lactam motifs. Key
features of this strategy include a diastereoselective Ferrier reaction of a glucuronic acid glucal, selective f-lactam ring formation using a
cyclic allylic alcohol, and a chemoselective benzylic oxidation.

The use of chiral pool molecules to prepg@téactams has  chemistry as well as generate new 2-azetidinone templates
become routiné? Within this context, the use of carbohy- for biological investigations.
drates as synthons is especially appealing given the density Our synthetic strategy using carbohydrate derivatives to
of functionality in these substrates that can ultimately be prepare3-lactams features the NIC4 bond closure strategy
incorporated into the final targetsiVe recognized that the  of S-hydroxy hydroxamates pioneered by our research
carbohydrate template could be useful for the construction group® Faced with the daunting task of using such highly
of a number of types of functionalized 3-hydroxy, 3,4- functionalized starting materials, we immediately recognized
bicyclic, 1,4-bicyclic, and polycycli@-lactams and oxam-  the necessity of masking the hydroxyl moieties that would
azing (Scheme 1). The successful incorporation of the not be directly involved in the N2C4 cyclization step to
inherent oxygen groups and stereochemical information form thef-lactam ring system. While a number of strategies
contained in the carbohydrates into tidactam system  are available to allow selective protection of the various
presents intriguing synthetic challenges, the most dauntingoxygen functionalities of carbohydrate scaffolds, these strate-
of which is facile, differential protection of the oxygen gies may require a large number of synthetic steps, especially
functionalities. We felt that development of suitable chemical if each functional group is to be differentiated. One goal of
technologies/strategies for overcoming these obstacles wouldhis research was to devise as general a strategy as possible
provide opportunities to expand the frontiers @actam to the targeted bicyclic intermediates, allowing access to the
. largest number of possible derivatives from a common core
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Scheme 1. Retrosynthetic Analysis of Targeisand?2
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accessed and the preparation of additional derivativesand Thiem® Unfortunately, none of the reported aglycons
unavailable from the diol directly. This strategy also raised were suitable for our purposes since we hoped to be able to
an opportunity to further test the scope of our-N14 ring incorporate an alcohol bearing a group amenable to selective
closure protocol with allylic alcohol systems. While previous manipulation later in the synthesis. However, given the harsh
attempts to use acyclic allylic alcohols in this fashion have Lewis acid conditions needed to carry out Ferrier reactidns
been successfélwe recognized that the proposed cyclic and the need to differentiate other protected oxygen func-
system contained additional steric demands not present intionalities later in our synthetic strategy, we were left with
the previous systems that could make the ring closure few viable options. Two potentially useful candidate nucleo-
difficult or impossible. In this letter, we report the successful philes for the proposed Ferrier reaction were trichloroethanol
application of our synthetic strategy to the preparation of (TCE) and benzyl alcohol. Our hope was that the resulting
two novel bicyclic f-lactam systems suitable for use in
combinatorial chemistry strategies from a common carbo-
hydrate precursor.

Toward the goal of preparing a common novel core

Scheme 2. Synthesis off-Lactams9a—b
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In the synthetic direction, using the literature procedure g,ouy OWOR =27 | PhaR _/%/H
of Wyss et al., we were able to prepare multigram quantities A CHyCN ON O.p
of the starting glucuronic acid glucél(Scheme 2§.Next, HO fd O H
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selective Ferrier reactidifor this compound. Ferrier reactions L 5
of glucal5 have been previously investigated by Wieczorek Ph
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acetal could eventually be deprotected via acid-catalyzed methodology. The allylic nature of the activated alcohol

hydrolysis!® a Zn-mediated reduction protocol (TCE)or

a selective oxidation or reduction (benzyl group). Toward
this end, glucals was separately reacted with TCE and
benzyl alcohol under a variety of conditidis to give

glycosides7a—b (Scheme 2). These experiments led to
optimized reaction conditions allowing moderate yields of
both glycosides (Table 1). Of note was the isolation of a

Table 1. Conditions for Ferrier Reaction of Glucél

entry ROH Lewis acid temp./time o/pa  yieldP
1 TCE® BFzOEt, 0°C/4h 5:1 53%
2 TCE BF3;:OEt, —78°C/12h 51 69%
3 BnOH InCl3 room temp./30 min 4:1  39%
4 BnOH BF3;-OEt, —10 °C/4 days >99:1 53%

aDetermined by*H NMR. P Isolated.c TCE = Trichloroethanol.

single anomer of the benzyl glycoside using a catalytic
amount of BR*OEt at —10 °C (entry 4, Table 1). This

provided the possibility of forming either the desired four-
membered or an undesired six-membered heterocycle. While
our group has shown that open chain allylic alcohols can be
successfully used g&lactam precursorsthe cyclic nature

of allylic alcohols8a—b imposes additional steric demands
on the proposed cyclization reaction. For example, to allow
the formation of theg-lactam ring via an $process requires
the reactive intermediate to adopt *&lo conformation
(Scheme 2) in which the ester and alcohol functionalities
are inpseudeaxial positions and the aglycon is irpaeude
equitorial position preventing anomeric and allylic stabiliza-
tion.'* One would expect that such a conformation would
be higher in energy than the correspondhty conformation
(Scheme 2). This hypothesis is supported by NMR studies
of 2,3-unsaturated pyranosidés® These studies have found
that a-erythro-2,3-unsaturated glycosides prefer fftds
conformation displayingl s coupling constants of9 Hz,
while the correspondingi-anomers displaylss coupling
constants of~2—3 Hz indicating the adoption of 2Ho
conformation**'>The observation of 3, s coupling constant

of 9.50 Hz fora-7b suggests the preference for this system

procedure proved to be especially appealing since the producto also adopt #Hs conformation.

could be isolated directly from the reaction mixture via
recrystallization!

With the two glycosides in hand, we set out to determine
the set of conditions necessary for the formation of the
requisite-hydroxy hydroxamateSa—b. While the trans-
formation of ester§a—bto the hydroxamate8a—b would

Given these considerations, our success in this endeavor
seemed far from certain. Therefore, we were delighted to
find that subjection of hydroxamateé&a—b to Mitsunobu
reaction conditior’s provided the desired novel bicyclic
pB-lactams9a—b as stable crystalline solids in good vyields.
This result serves to further underscore the robustness of our

seem to be Straightforward, we diSCOVGI’ed that it was aCtua”y N1—C4 ring closure Strategy toward the construction of

quite challenging and required the development of a novel g.|actams. The structure and absolute stereochemistry of
strategy. For instance, after removal of the acetate group,s-lactam9b were confirmed by X-ray diffraction.

attempts to saponify the methyl ester with LiOH followed
by an aqueous EDAEICI coupling withO-benzylhydroxy-
lamine hydrochloride (OBHAHCI)® proved to be disastrous

With the successful preparation gflactams9a—b, we
targeted the selective deprotection of the acetal moiety as
the next synthetic goal. Fg#-lactam9a, we were disap-

and provided only decomposition products. This and related pointed to find that a number of conditions failed to provide
attempts showed that these glycosides appear to be highlhe desired hemiacet&l16 or lactonel? However, we

sensitive to the reaction conditions. We were, therefore,

pressed to develop a strategy to access hydroxar@atels
using neutral or near-neutral reaction conditions. To our
delight, we found that deprotection of the methyl ester could
be carried out effectively using KOTMS in THE After
removal of the solvent and dissolution of the salt in dry DMF,
a mixture of EDACGHCI and OBHAHCI was added result-
ing in the formation of the hydroxamat&a—b, which in
the case oBb could be isolated directly from the reaction
mixture by recrystallization.

We next focused our attention on the formation of the
pB-lactam ring. As mentioned earlier, this transformation
represented an interesting test of our-Nd4 ring closure

(9) Wieczorek, E.; Thiem, Bynth. Lett1998,5, 467—468.
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1271-1274.

(13) Laganis, E. D.; Chenard, B. [etrahedron Lett1984,25, 5831—
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hypothesized that the two benzyl moietiesfbfactam 9b
should have differing reactivities. We were encouraged by
a report in which a benzyl aglycon had been successfully
oxidized to a benzoate ester using in situ generated Collin’s
reagent® Model studies using diest&b showed that these
conditions did indeed provide the targeted benzoyl aglycon
product10 (Scheme 3). Further, treatment of a modtldl-
O-benzyl-S-lactam under the same conditions showed that
no oxidation occurred at the hydroxamate benzyl group.
Encouraged by these results, we subjegiddctam9b to

the same conditions hoping to receive the benzoyl aglycon.
To our surprise, under these conditioidactam9b showed

(14) Angerbauer, R.; Schmidt, R. Rarbohydr. Res1981,89, 193—
201.

(15) Dyong, |.; Schulte, G.; Lam-Chi, Q.; Friege, Barbohydr. Res.
1979,68, 257—-273.

(16) (a) Ates, A.; Gautier, A.; Leroy, B.; Plancher, J.-M.; Quesnel, Y.;
Marko, I. E. Tetrahedron Lett1999,40, 1799—1802. (b) Nair, V.; Nair,
L. G.; Balagopal, L.; Rajan, Rndian J. Chem., Sect. B999,38B, 1234—
1236.

(17) Grieco, P. A.; Oguri, T.; Yokoyama, YlLetrahedron Lett1978,
419—-420.
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p-lactam9b requires only one chromatographic separation

Scheme 3. Selective Aglycon Oxidation and that the sequence can be carried out on a multigram scale.
o O _Ph The future directions of this research involve targeting
CrO.. Pyridine o Y specific g-lactam structures accessible from the highly
O._..OBn “™a 1Y 0. 0 . . . . .
HBCOJ\EJ PUSp Hgookij‘\ functionalized intermediate8a—b and 1 and carrying out
ACO" F R PN~ investigations into the chemical reactivity of these unusual
b ¢ 10 substrates. Also of current interest is the possibility of
unmasking the C3 hydroxyl, which would allow the prepara-
BnQ o) tion of unusualx-amino acids viaN-carboxy anhydride¥.
o’ N oconacon d N\ The results of these and other studies will be published as
> appropriate.
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overall yield (Scheme 3). Supporting Information Available: Experimental pro-
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