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6-(Nitrileoxidomethyl) penam sulfone intermediate was prepared in a few steps starting from commercially available (+)-6-aminopenicillanic
acid. This intermediate underwent smooth 1,3-dipolar cycloaddition reactions with various alkenes and alkynes to give cycloadducts in moderate
to good yields. By this new method, several potent f-lactamase inhibitors were synthesized. The regio- and stereoselectivity outcomes of the
cycloaddition process are also discussed.

The emergence of wide-spread resistance to antibacterialf-lactamase inhibitor along with an antibiotic represents an
drugs in recent years has created an upsurge of activity inimportant strategy for combating the resistance against these
this ared. Production off-lactamase enzymes by microbes drugs?

is the most common mechanism of resistancg4actam Sulbactam 1)* and tazobactan2}® (Figure 1) are com-
antibiotics? These enzymes efficiently hydrolyze the amide mercially availableS-lactamase inhibitors currently being
bond of thej-lactam ring to give products that are devoid

of antibacterial activity. Therefore, the administration of a _
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reacts as a branched chain inhibitor with the TBNacta- || NN

mase enzyme frorescherichia colf. Scheme 2
In connection with our interest in finding a broad-spectrum o
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p-lactamase inhibitor, introduction of a novel side chain  H,NG = g " a S )
adjacent to th@g-lactam carbonyl was considered. Molecular | N| \)( R - N\)( _—
modeling studies of the above known inhibitors with several ‘. Me ¢, Me
p-lactamase enzyme structures revealed that there is ample 3 COH COH

space in the active site to accommodate larger substituents
at the C6-position of these compounds. Therefore, a properly

introduced C6-side chain might improve the binding to the B S, Me c X1 =8 e d
active site of the enzyme. This qualitative binding may slow ] Nl \)< _— N\)< —_—

the hyd_rollysus of t_hg_ﬁ—lactam nuc_leus and thereby increase o] aCOZCHth %Ochth
the inhibitory activity. The design was to introduce an

isoxazole or isoxazoline heterocycle at the 6-position of the

ﬂ-lagtam ring via Q.mtherne bridge. Several groups have « H "—10\\ 0 o H |-40\\ 0
studied such modifications to thlactam core structuré. : S _Me e ——S_Me

In most cases, the desired side chain was prepared and then N\_><Me H N\‘><Me
coupled with the3-lactam ring in an aldol-type transforma- O bOzCHth ’f;ozCthz
tion or by employing the Wittig reaction. Herein, we report 7 8

an efficient methodology to introduce isoxazole and isox-

azoline heterocycles to the penam sulfone nucleus via aH ; Féf?fgents and Consdg(?r;s&b()aégz)ma/NOz/HzSQ(g E(;I(I;;ﬂ\zllﬂ)Q;{ |
mmon intermedi heme 1). 3 or two steps 0); L/acetone 0); (c) allyl

common intermediate (Scheme 1) tribytyltin/AIBN/toluene (72%); (d) BySnH/AIBN/toluene (75%);

(e) OJCH,Cl/Me,S (85%).

Scheme 1
B HQ 0 O® H O\\S/,O To this end, amino aci@ was converted to dibromidé
K W/j;“/}Me O-N= 1 \)<Me by following a procedure described by Volkman et’aiin
O-N N—" "Me — N—/ "Me 56% overall yield. Acidd was protected using diphenyldia-
o ’f;ozR A=—B © ToR zomethane to give compouridl Radical-mediated C-ally-
“ lation with allyltributyltin followed by tin hydride reduction
in the presence of a catalytic amount of AIBN gave
HoN 'g”:j g . lj_Q\ L0 compound? as the sole diastereoisonfef. Under these
j;y/jMe [ Me conditions, tin reagents approach from the less-hindesed 6
g N { Me — 3 N~/ Me face to effect the observed stereochemistry. Ozonolysis of
TO.H TO.R compound?7 at —78 °C led to the desired aldehyd®in

excellent yield.

Having obtained the aldehyde, the stage was set to carry

The target molecules in the present study are derived from ;s ihe key nitrile oxide formation and the subsequent dipolar
1,3-dipolar cycloaddition of the corresponding penam sulfone cycloaddition reactions. An initial attempt to convert alde-

nitrile oxide with the appropriate alkene or alkyne (Scheme hyde 8 to aldoxime9 using E§N gave a poor yield of.

1). The precursor to the key intermediate nitrile oxide comes . ever treatment of compourddwith hydroxylamine salt
from the ozonolysis of the corresponding allylpenicillanate ;;, e présence of sodium acetate gave aldoxnire 90%

su!fone, which was prepared from the 6-aminopenicillanic yield. While compound was chemoselectively formed, it
acid (Scheme 2) This strategy allowed us to employ alarge a5 4 mixture of andZ isomers. Standard chiorination of
arsenal of commercially available alkenes and alkynes for g \\ith N-chlorosuccinamidé gave hydroxamoyl chloride
the cycloaddition process. The dipolar cycloaddition occurs 10 as a single (E)-isomer in 83% yield (Scheme 3).

with diversely substituted alkene and alkyne partibeich Initial attempts to effect dipolar cycloadditions usingNEt

i!(r)nwso ur? dgoabtg.lgs? tcoT;E{g&iﬁvfnsﬁegmﬁle of these as the base gave reasonable yields of cycloadducts only with
pou gal e zy ' methyl acrylate and phenyl vinyl sulfone. Poor yields were

(6) For a comprehensive account on the mechanism, see; Silverman, R CPtained especially with alkynes. Given the opportunity, the
B. In Mechanism-Based Enzyme Inaation: Chemistry and Enzymology ~ putative nitrile oxide intermediate can undergo dimerization
CRC press: Boca Raton, 1988. and other potential decomposition pathwa$Fherefore, it

(7) (a) Brenner, D. J.; Knowles, J. Biochemistry1981,20, 3681. (b) . . L .
Fisher, J.; Charnas, R. L.; Bradley, S. M.; Knowles, J.BRichemistry is possible that the basicity of the amine and the lower

1981,20, 2726. _ _ reactivity of the alkynes led mostly to the decomposition of
(8) (a) Ziegler, C.; Fabio, P.; Bush, K.; Steinberg, D. U.S. Patent 5 488
106, 1996. (b) Chen, Y. L. U.S. Patent 4 826 833, 1989, and U.S. Patent

5015 473, 1991. (11) Volkman, R. A.; Caroll, R. D.; Drolet, R. B.; Elliott, M. L.; Moore,
(9) Hanessian, S.; Alpegiani, M.etrahedron1989,45, 941. B. S.J. Org. Chem1982,47, 3344.
(10) Caramella, P.; Grunanger, P.1r8-Dipolar Cycloaddition Chem- (12) Liu, K. C.; Shelton, B. R.; Howe, R. Kl. Org. Chem1980,45,
istry; Padwa, A.; Ed.; Willey-Interscience: 1984; Vol. 1, pp 28D2. 3916.
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Scheme 3 Scheme 4
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12a. A = CO,Me, B=C=D=H 22a. X=CO;Me, Y =H
CO CHPh CO CHPh
z 2 z z 13a. C = CO,Me, A=B=D=H 23a. Y=CO;Me, X=H
1 14a. A= SO,Ph, B=C=D=H 242, X=TMS, Y =H

aReagents and conditions: (a) MBH-HCI/NaOAc/EtOH/HO 15a. C = 50,Ph, A=B=D=H 25a. X=S0,T0l, Y =H

(90%); (b) NCS/DMF (83%); (c) (BsBn)O/benzene. 16a. A = SPh, B=C=D=H 26a. Y = SO,Tol, X =H
17a. C =SPh, A=B=D=H 27a. X =CONHNHBoc, Y =H
18a. A = O'Bu, B=C=D=H 28a. Y = CONHNHBoc, X = H

11 In contrast, bis(tributyltin)oxide, a neutral reagé&hiyas 19a. C = O'Bu A=B=D=H 29a. X =COPh, ¥ =H

found to be a superior reagent for dehydrochlorination, giving 20a. A= Ph, B=C=D=H 30a. X = COMe, Y =H

better yields of cycloadducts in almost all cases. For example, 54, ¢ = ph, A=B=D=H 31a. X = CO,Me, Y = COzMe

when methyl propiolate was used as the trapping agent, the
corresponding cycloadduct was obtained in 56% yield with ~ ® Series a: R= CHPh (esters).
bis(tributyltin)oxide as opposed to 20% yield withsHt
Thus, the treatment of nitrile oxidel with a series of
alkenes and alkynes gave the corresponding dipolar cycload-hydrazinecarboxylic acitert-butyl estel® reagent gave a 1:1
ducts in moderate to good yields regardless of their electronicmixture of regioisomer27a and 28a. Methyl and phenyl
nature!* Reaction of11 with methyl acrylate gave the propargyl ketones as well as TMS—acetylene gave exclu-
isoxazoline cycloadducts in 50% yield as a 1:1 mixture of Sively 5-substituted produc89a 29a and243 respectively,
diastereoisomers2aand13a. As expected, no regioisomers in good yields. The reaction proceeded smoothly with
were formed. A similar reactivity pattern was observed with disubstituted alkyne, DMAD, giving the cycloaddition
phenyl vinyl sulfone to give the diastereoisomeric cycload- product3lain 52% yield. The regiochemical outcomes
ductsl4aand15ain 52% yield. The cycloaddition proceeded oObserved in these examples can be rationalized by FMO
smoothly with electron-rich dipolarophiles such as phenyl considerationd? Depending on the size of the coefficients,
vinyl sulfide andtert-butyl vinyl ether, giving the corre- a favorable HOMO—LUMO interaction between the dipole
sponding cycloadducts in 60% and 68% yields, respectively. and the dipolarophile leads to the observed regioselectivity.
In both cases, mixtures of diastereoisomers at the 5-positionIn general, dipole (LUMO}-dipolarophile (HOMO) interac-
of the isoxazoline ring were obtained with complete regio- tion seems to be dominant for alkenes whereas both dipole
selectivity. Styrene also participated well in this process, (HOMO) and dipole (LUMO) become important for alkynes
giving the cycloaddition products in 54% vyield as a 1:1 depending upon the nature of the substituent. This is apparent
mixture of diastereoisomerg0aand?2la(Scheme 4). from the dramatic selectivity difference between methyl
Although the alkenes used in this process gave 5-substi-propiolate ancp-tolyl ethynyl sulfone.
tuted isoxazoline penam sulfones with complete regioselec- The acid derivatives of some of these compounds were
tivity, certain alkynes gave both 5- and 4-substituted evaluated for their inhibitory activity against three repre-
isoxazole derivatives. The cycloaddition reaction between sentativgs-lactamase enzymes from different enzyme classes
methyl propiolate and the dipolel gave a 6:1 mixture of ~ (Table 1)} First, the benzhydryl esters were converted to
regioisomeric products in 56% yield. In this case, 5-isoxazole the corresponding acids (series b: =R H) by catalytic
isomer 22a was the major one. In contrast, whertolyl hydrogenolysis (b Pd—C, EtOAc). The inhibitory activity
ethynyl sulfone was used as the trapping agent, the majorof the acids were compared with the reference compounds,
isomer obtained was the 4-isoxazole substituted penamsulbactam and tazobactam. Our objective was a compound
sulfone26ain a 2:1 ratio. The assigned regiochemistry of With a sub-micromolar 16 against at least class A and class
the products follows from thelH NMR spectra. The relative ~ C enzymes, which are the most commgractamase
positions of the isoxazole ring hydrogens of the regioisomeric enzymes found in bacteria. Table 1 presents thg tata
products25a and 26a are well separated with a2 ppm

; ; i ; AT _ (15) Coppola, G. M.; Damon, R. Bynth. Commuri993,23(14), 2003.
chemical shift value. A similar reaction witk'-propynoyl (16) (&) Houk, K. N - Sims, J.: Duke, R. E.: Strozier, R. W.: George, J.
K. J. Am. Chem. S0d.973,95, 7287. (b) Sustmann, R.; Trill, Angew.
(13) Moriya, O.; Urata, Y.; Endo, TJ. Chem. Soc., Chem. Commun. Chem., Int. Ed. Engl1972,11, 838.

1991, 17. (17) For details about the assay and experimental procedure, see: Bush,
(14) All new compounds were fully characterized (NMR, IR, HRMS/  K.; Macalintal, C.; Rasmussen, B. A.; Lee, V. J.; Yang, Ahtimicrob.
MS). These data are included in the Supporting Information. Agents Chemothef993,37, 851.
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s tion of the isoxazoline ring gave the most potency against

Table 1. In Vitro Inhibition Data of Selected Compounds TEM'l_ enzyme as is evident from compourid&)and15b.
The -isomer15b was 10-fold more active than the corre-

I1Cs0 (NM)° sponding a-isomer 14b and showed a 2-fold improved

compd®  TEM-1 (class A) CcrA (class B) AmpC (class C) activity as compared to tazobactam against TEM-1 enzyme.
12b 3800 4300 7100 Only compound2b nearly met our criterion. However, the
13b 2300 25000 53000 fact that individual compounds achieved much higher
14b 310 1400 6300 potency compared to the reference compounds suggests that
15b 31 6300 4800 further efforts within this series is warranted.
22b 1000 6000 860 In summary, a new strategy has been developed to
;gg 20228 2%8 2288 introduce a variety of heterpcycles \{ia a novel 6-(nitrileoxi-
31b 2700 330 5100 domethyl) penam sglfone intermediate. Some of thg com-
sulbactam 1400 > 400000 66000 pounds made by this methodology showed potent in vitro
tazobactam 60 >400000 48000 activity against severgi-lactamase enzymes.

aSeries b: R=H (acids).? Determined graphically from six different .
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y P P Supporting Information Available: Full experimental

poundsl4b, 15b,22b, and29b are more potent compounds . o .
than sulbactam against all three enzymes. Substitution at thedetaIIS and characterization data for compou#d81. This

6-position of the isoxazole ring has dramatically increased hmtf\tfe/;ialbis available free of charge via the Internet at
the CcrA enzyme activity as exemplified [26b and 31b. p-//pubs.acs.org.
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