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llbstract - A number of 4-carboalkoxy-N-hydroxy-Z-atetidinones were converted to various 
derivatives which were shown to undergo novel rearrangements to substituted 
acryalamides. Under similar conditions. 3,3-dimethyl-4-carboisopropoxy-N-hydroxy-2- 
azetidlnone rearranged to a pyrimidine derivative. 

Introductldn 

The hydroxamate approach to the synthesis of 6-lactams (2-azetidlnones. Scheme 1) has 

provided useful routes to precursors of a number of monocyclic and bicyclic B-lactam anti- 

bi0tics.l An additlonal attractive feature of thls synthetic approach is that retention of the 

N-O bond, as in structure 3, provides access to a number of novel hetcroatom activated B-lactam 

antlbiotics.2 Variously substituted N-hydroxy-2-azetidinones (B)3s4 and precursors (2)5 have 

also been found to be prone to interesting molecular rearrangements. Rearrangements can often 

lead to reactive intermediates. which. If generated under the proper conditions. may serve as 

enzyme inhibltors. Thus, we decided to further explore molecular rearrangements of substituted 

N-hydroxy B-lactams with the anticipation that such studies would not only help further define 

the chemistry of this Important class of canpounds. but also possibly lead to the design of 

novel types of B-Tactamase inhibitors. Herein we report the details of rearrangements of a 

vareity of substltuted N-hydroxy B-1aCtam model compounds under mild conditions. 

schema 1 

1 2 3 4 

B-LaCtamaSe enzymes are primarily responsible for the development of microbial resistance 

to currently used B-Tactam anttbfotics.' B-Lactm derived B-lactase inhibitors are Wicfde' 

or 'mechanism base reagents which are recognized by the etizy~ as substrates, but, during or 

after inftial &counter or reaction with the enzyme, react further to generate an electrophfllc 

center for further reaction wlth the enzyme.' This Wcondary" reaction usually leads to-elther 

transient or irreversible inhibition. Thus, the deslgn of an effective inhibitor not only 

requires that It be recognized by the enzyme as a potential substrate, but It must also be prone 

to generatfon of reactive sites which wlll facilitate further abnormal reaction with the enzyme. 
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The eventual deactivating reaction of most 6-lactamase inhibitors involves generation of an 

electrophilic center at the B-carbon of the original 6-lactw or the acyl-enzyme derivative of 

the 6-lactam. Consequently, our first goal in these model studies was to initiate reactions on 

substituted N-hydroxy 6-lactams which would be centered about the 6-position (C4 of a mono- 

substituted 6-lactam such as 3). Conceptually, this could be accomplished by converting the 

hydroxyl group of N-hydroxy substituted 6-lactams to a good leaving group (OR of 3) to proslote 

an elimination to produce a reactive imine intermediate before, after, or during ring opening of 

the 6-lactam (Scheme 2). Since. under eventual physiological conditions the leaving group (OR 

of 3) mst likely could not be one such as a triflate or mesylate used convnonly in organic 

chemistry, we decided to explore the utility of mre modest, but easily generated leaving 

groups. We also considered that initiation of the desired elimination reaction would be 

facilitated by incorporation of an ester group at C4 which nould increase the acidity of the C4 

proton. Such compounds (10) were considered especially attractive since the portion of these 

molecules containing the ester group, the original C4 carbon of the 6-lactam. and the N-hydroxy 

group constitute the backbone of a N-hydroxy amino acid. A number of N-hydroxy amino acids have 

been converted to dehydro amino acids (eq 1)'~~ With these considerations in mind, we prepared 

a number of specific examples of 10 and studied the induction of rearrangements under mild 

cond itions. 
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For anenzymatloreaction.'Nuc,or N~~2miahtbenucleophlliccomponentsofthe~me 

Uesul ts 

As a first example, 4-carbophenethoxy N-hydroxy-2-atetidinone 13a (Scheme 3) was prepared 

from malic acid using our previously reported process.g*10 The phenethoxy ester was chosen for 

convenience since it fs compatible with the synthetic conditions, it provides a chromophore to 

assist chromatography and the final N-hydroxy coRlpound (Lk) is soluble in comon organic 

solvents for our model studies. Since isoureas are effective leaving groups under mild 

conditions.11*12 lk was treated with diisopropyl carbodiimide, 14..to provide the isolable 

isourea 1% in.8OX yield (Scheme 3). Reaction of 15a with triethylamlne promoted a smooth 
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rearrangement to the scrylwide l8o. It was subsequently noted that tluk isourer 16a uas not 

very stable since upon storage at room temperature for 2 days it also begae to rearrange to 

produce 18. While the rearrangement might have proceeded through tke~interesting acylifaine 

intermediate 16,1)-16 the imine could not be isolated. Similar results mere obtained upon. 

reaction of the 6-hydroxy corpouad 13 with l,l'-carbonyl dimidatole &9L).17 In this case. 

acrylamlde 18b was obtained as a vdvlte solid in almost quantitative yield. Acrylamlde 18c was 

also obtained quantitatl,vely when 13 was treated with trichloroacetonitrile andtriethylamine. 

Use of weaker bases such as N_Aethylmorphollne and pyridine also promoted these rearrangements. 

but the reactions were slower. Separate attempts to trap the potential intermediate acylimine 

16 with methanol to farm the corresponding 4-methoxy &-lactam falled. Instead, the same 

acrylamides. 18, were isolated. In related cases (compounds 13d and 13e) in which pivalic acid 

or benzyl alcohol served as the leaving group during reactions with base In methanol, the methyl 

enol ethers 18d and L8e were obtained as minor products indicating thrt trapping reactive 

intermediates with external nucleophiles may be possible. Yhile the conversion of intermediates 

similar to 17 to acrylamides like 18 has precedent,18 regardless of which mechanism Is operative 

in these rearrangements, apparently functionalization at the C4 position of the original s- 

lactam had occurred, as planned, along with opening of the p-lactam ring. Again It should be 

noted that the acrylamides (18) are similar to intermediates postulated to be involved in the 

inhibition of s-lactamase enzymes,6 and design of appropriately substituted N-hydroxy 6-lactams 

should be of Interest. However, for this initial model study we decided to continue to test the 

susceptibility of other more simply modified substrates to rearrangements. 

(Nuo?&ONHiPrl 

13 * 18 
R' R 

b -CHeCHzPh -H CDI Nuo-tmldazole 

C -CH,CH,Ph -H Cl&NIEtfl Nut-NHCOClz 

d -CH,CH,Ph -COC(CH& EQNICHaOH 

e -CH, -C&Ph KOH/CH,OH 
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Fomation of the unsaturated products 18 obviously required deprotonation at the C3 

position at some point in the reaction. Therefore. we decided to determine whether substrates 

which lacked a C3 proton would ,ba susceptible to rearrangement under similar sets of 

conditions. A representative 3,3-dimethyl-N-Hydroxy'B-lactan 26 was prepared by-the process 

illustrated In Scn- 4. Dirhcthyl #late 20 was a-methylated twicelg and then hydrolyzed to the 

diacid 22 which was converted to.the desired N-hydroxy-3,3-dimethyl-2-azetidinone 26 by the 

previously described route.g*10 Interestingly, treatment of 26 with Cl3CCN / Et3N resulted in 

rapid fomationcof a product isomcric with the initially expected adduct 27. While the proton 

t@iR spectrum of this product was relatively simple, ani.! consistent with 27 or a rearranged a- 

lactam such as 31, the highest carbonyl frequency in the infrared spectrum was at 1750 cm-l. 

Related substituted 4-amino-2-azetidinones5 hare B-lactam carbonyl peaks at 1770 - 1780 cm-l. 

The unusually low IR frequency for the carbonyl group of the observed product suggested that it 

was either a larger ring or acyclic. Subsequent determination of the structure by X-ray 

crystallography revealed that the product was the unusual pyrlm1dine t9 (Fig 1). which may have 

formed by one of the process& shown in Scheme 5. 
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26 

Fi~lre 1. X-ray structure of pyrimidine 29 

In smnary, we have demonstrated that N-hydroxy-2-aretidinones with relatively acidic Ci 

protons can be induced to undergo novel molecular rearrangements. Further studies related to 

the peripheral substltutional requirements for these rearrangements and the potential to induce 

similar rearrang-ts on substituted N-hydroxy-6-lactam antibiotics under physlologlcal 

conditions are under consideration. 

Experhentrl sectloe 

General Cements. 
unqorrected 

Melting points were taken on a Thomas-Hoover melting point apparf;usw;nd are 
Infrared spectra were recorded on a Perkin-Elmer 7278 spectrweter. 

spectra wer; obtained In chlorofornd dth tetramethylsllane as a reference, unless otherwise 
stated, on a Varian EH 390, XL-100 or Nicolet MB 300 specttweter. Mass spectra were obtained 
bv Mr. John Occolouitz at Eli Lillv and Co. or on an AEI Scientific Aonaratus MS 902. Elemental 
halyses were performed by Riduest~Micro Labs, Indianapolis, IN or M&U Laboratories, Phoenix. 
AZ, X-r&y crystallo raph)G.studies were Performed by Dr. Charlas.Elgenbr& at tha Molecular 
Structure Facility, &a rknt of Chemistry, University of Notre Daaa. Radial Ch&6$raphy 
was performed on a Chromatotron Model 7924 purchqd from Harrison Research Inc., Palo Alto, 
CA. 

z 
tica! ritatlon was obtained usfng a Rudolf Autopol III polarbeter. TLC was 

0” 
rfofwd 

usleg W, alurlnupl backed silica gel 60 F-254/0.2 ti plates. Solvents used were dr.ed and 
purlfled Q standard methods. 
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Praprratlon of ICh~roxy-Ccarbophtho~-~~~zetidln~ (lk). Thfs compound was pnpared 
from mallc acid by the mathod described earlier. This particular derivative. lk was chosen 
because the phenethyl group facilitated monitoring by TLC [ethyl acetate - hexanes (3:2), 
Rf=0.40]; moreover.Ilt was UV active. and,was thus readily detected during 
chromatetron: oil; H NMR (CDCl3) 6 8.1 (br s, lH), 7.3 (m. 5H). 4.4 (m, 3H P 

urificatipn,on the 

IR(CHC13) 3100, 17W, 1740 cm- . - 
, 2.9 (m, 4R); 

Pmparrtlon of tJbe Irouro 1% fra expound 15. Compound 13a (235 mg, 1 nknol) was 
dissolved at roan temperature in 5 mL of acetonitrile: To tlils solution was added N,N'- 
diisopropyl carbodiimide (156 ul, 1 ~nol, Aldrich).. This mixture was stirred under a nitrogen 
atmosphere and the reaction was followed by TLC. After1 h;,when all of 1% was coned. the 
acetonitrlle was evaoorated under vacuua and the mixture was chromatoaraohed usfna cthvl 
acetate-hexanes (1:3) as the eluent. 
8M yield). 

The isourea 151 was obtained as-a colorless"oiiP275 mg, 
H NtiR 

(CDCl ) 
Attempts to crystallize it from various solvents were not successful. 

(a. 68); 
6 7.33 (m, 5H), 4.7 (m, 1H). 4 5 (t, 2H) 4.0 (m. 2H), 3.0 1.33 1.10 
IR(CHC13) 

(m. 4H), (m. 6H), 
3500, MOD-1600 cm-* (br); mass spectrun (EI). m/e 361 (Ptl). 

Fonvtion of acylulde derivative 181. Isourea 1% (200 mg, 10.58 ~1) was dissolved In 
5 mL of dry ether and Et N (28 ul., 35 mole X) was added at room temperature. The reactlon_was 
followed by TLC. After 9 5 mlnutes'at rooA temperature all'bf compound lk was consumed; me 
ether was evaporated under vacuun and the residue was chranatographed using ethyl acetate - 
hexanes (1:3) as the eluting solvent to provide l& fs a colorless oil (192 mg. 96% yield). 
All attempts to crystallize I& were unsuccessful. H WR (CDCl ) 6 7.75 (d, lH), 7.33 (s. 5H), 
6.8 (br 5, 2H). 5.70 (s. lH), 4.5 (br t. 3H), 4.0 (m, 4H), 3.0 (i!, 2H), 1.4 (d, 6H). .1.16 (d. 
6H); IR (CHC13), 3500, 3350, 1730, 1680, 1630 cm-l; mass spectrun (EI), m/e 361 (Ml)‘: 

Reaction of l.l'carbonyldl1midazole (CDI) with 13a to fom 3-carbephenethoxy-3-imldazoyl- 
acrylrlde (Mb). Compound 13a (235 mg. 1 nvnol) was dissolved in 20 mL of freshly distilled THF 
and the solution was stirred at OY under a nitrogen atmosphere for 2 h. Et3N (140 ul, 1 ~1) 
was then added. After 15 minutes at D'C the reaction mixture was poured into 50 ml of ethyl 
acetate. This mlxture was washed with 25 mL of 0.5 M citric acid solution, 5% NaHCO 
brine, dried over HgS04 and evaporated to yield a white solid resldue. Chromatograp y of this il 

solution, 

solld using ethyl acetate - hexanes (1:3) as the eluting solvent.provided 18b as a white folld 
(243 mg. 85% yield), which was crystallized from ethyl acetate - hexanes. .Mp 10%lll°C; H NPR 
(90 Miz. CDCl ) 6 8.6 (br s, 1H). 8.15 (5, lH);7.5 (s lH), 7.3 (s, 5N), 7.1 (s lt). 6.3 (br s. 
lH), 6.0 s, QH), 4.5 (t 2H) 3 0 (t 2H). IR (CHCl ) 3400, 1740. 1650, 1600 cm- 
spectrum EI), m/e 285 (i’). 'Anil. &lcd.'for C15HI&3D3:. 

; m3ss 
C. 63.15; H, 5.29; N, 14.73; Found: 

C, 62.97; H, 5.44; N, 14.77. 

Reaction of 13a with Trichloroacetonltrlle to fom 3-cafbophenethoxy-34richloroacetmlde- 
acrylmide (18c). Compound 13a (235 mg. 1 nanol) was dlssolved in 20 ml of anhydrous ether at 
O°C under a nitrogen atmosphere. 
stirred at 0%. 

C13CCN (100 pL, 1 mnol) was added and the reaction mixture was 
After 5 minutes the ice bath was removed and, as the reaction temperature 

approached room temperature, white solid began to precipitate from the solution. After stirring 
the reaction mixture for 15 more minutes at roan temperature. the ether was evaporated and the 
white residue was subjected to chromatographic separation using ethyl acetate -.hexanes (2:3) as 
the eluting solvent. 
Recrystallization 

Compound 18c was obtained as a white solid (370 mg. quantltative yjeld). 
fran ethyl acetate - hexanes provided white crystals. Hp 145-147Y. H 

NMR(COC13) b 8.85 (br s, 2H), 7.33 (s. 5H), 6.7 (s. lH), 4.5 (t. 3H), 3.00 (br t, 2H); IR 
(CH Cl ) 3450, 1740,(ester), 1650 (amide), 1600 cm-I (double bond). Anal. Calcd. for 
CI4kI364N2Cl3: C, 44.29; H. 3.45; N, 7.38. Found: C. 44.54; ii, 3.59; N, 7.50. 

Reaction of 4-carbnaethoxy-Wenzyloxy-t-atetldlnone (13e) with mathanol/KOH te foorr 3- 
cdrbaethexy-Uthoxy-rcrylmide 18e (same as l&l). Compound 13e (221 mg. 1 renal) was 
dissolved in 20 ml of methanol at 0°C. Powdered 85% KOH (66 mg, 1 ~1) was added to the 
solution and the reaction mixture was stirred at O'C. After l/2 h when all of compound 13e was 
consumed (by TLC analysls) the reaction mixture was poured into 50 ml of ethyl acetate which was 
then washed with 25 ml of 5% NaHCO 

3 
solution. The bicarbonate extract was saved. The ethyl 

acetate layer was dried (brine, Mg 04) and evaporated to provide a colorless oil. Further 
purification by chromatography using ethyl acetate-hexanes (2:3) as the eluting solvent gave 
compound 18e (32 mg, 2M yield): H Wf (CDCl3) 6 6.5 (br s. 2H), 5.5 lH), 3.85 (5, 3H), 3.7 
(s. 3H); IR (neat) 1740. 1680. 1615 cm 'l; mass spectrum (EI). m/e 159 

The original aqueous bicarbonate extract was acidified to pH 3.5 with 6, N HCl and extracted 
with ethyl acetate, dried and evaporated to give karboxy-Fbeezyloxy-6-lactr (103 mg, 5% 
yield) as a oily solid. 'H N14R(CDC13) 6 10.4 (s,:lH). 7.4 (s, 5H), 5.0 (5, 2H), 4.1 (m, lH), 
2.9 (m, 2R); IR (CHC13) 1800. 1740 cm". 

Pvratlee of ~~~roxy-3,3-di~thyl-Ccr~lsopropory-2-rzetidi~ (26). As described 
earlier, the dimethyl ester of malic acid 20 was alkylated twice with LOWeI to give compound 
21. Subse uent hydrolysis gave diacid 22. 

4 
Dlmethyl mallc add 22 was converted to the mono 

esters 23 8.b). When phenethyl ester 23a was coupled with O-Denryl-hydroxylamine, succlnimide 
derivative 24a was the major product. To circumvent this problem, the nm,no isopropyl ester 23b 
was couple~o~ give 24b as the major product, which was eventually converted to caapound 25 as 
described. Compound 25 on hydrogenation gave N-hydroxy-R-lactam 26. Mp 87-89°C; [a]0 - + 
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46.2 (c-O,46;CHCl3)i 'ii WR (COCl3)"U 5.2 (is. Iii), 4$55 (s, lH), 1.3-1.2 (n, 12H); IR (CHCl3) 
3500, 1760, 1740 a- ; mass spectra (FO). m/e 201 04 1. 

R8uttm of m ul* trich- Wtr+la to tom ~rlhdln dertmtlre 29. Coqmmd 26 
(100 m9, 0.5 ml) was dtssolved k 15 S of freshly dlrtllled ether and Et N (70 uL. 0.25 lol) 
was added to the solution folTo&d by the addition of Cl CCN (lOO’“L, 1 mo?). The reaction 
mixture was alloued to stir at roan taperature under a i ltrogen atnrsphere. After 1 h the I 
reaction mixture was 

r 
red 

and evaporated to yle d a 
into 30 ml of ether, washed with water and br#te, dried over #OS04 

colorless oil. After overnlght desslcatlon under vacuum, the oil 
turned Into nhlte solld, rrhlch was crystalllti fppn chIoro%nn-hexane to provlde conpound 29 as 
a white solld (120 mg, 702 yield). 

7 
140-142'C; ii NM ("cl3 

1H). 5.25-5.10 (m, 1H). 1. 9-1.47, 1. 6-1.33 (dd, 12H); IR (KBr I 
a 8.18 (br s. iii), 7.52 (5, 
1750, 1640 CR- ; mass spectrum 

(FO), m/e 346. 347, 349 ( 8 ). 
C 37.96, H 4.53. N 7.91. 

Anal. Calcd. for CIIC13H15N204: C 38.23, H 4.37, N 8.10. Found: 

The crystal structure of 29 was detenined by x-ray dlffractlon. It has the molecular 
fomula = C H N Cl.0 , molectllar might l 345.61 amu. 
2) wlth a = 'b bgO$ (339A 

It crystalllted In space group P' (no. 
b - 10.5444 (43)A. c - 12.1108 (69)A. o 

(441), Y = 721898 (373) ;nd A = 0.710731. 
- 68.8107 (401). B = 81.3578 

of 3OO0 data were collected. 
Calculated density was 1.512 g/cc (2 = 2). 'A total 

The structure was solved by direct methods. Leist-squares 
refinement of 2173 data [I> 3a (I)] and 181 parameters led to flnal agreetmsntfactors of R = 
4.5% and Rw l 4.9%. In the flnal difference Fourier map, the largest resldual peak was 0.4 
electron/cubic Angstrom, less than one Angstrom from 0 which exhibited particularly hlgh 
thermal q otlon. A localized double bond between Nl a J' C is indicated by the bond distance of 
1.260 (5)A (Figure 1). The 6-membered rlng is planer. TRe C4-bound carbonyl oxygen atoe! as 
well as the atoms of the Isopropyl ester group, except for C are wlthin an Angstrom of this 
plane. The remainlng atoms bound to tetrahedral carbon atom la re appropriate distances above or 
below thls plane. The attic co-ordinates for thls work are available on request from the 
director of the Cambrldge Crystallographic Data Center, Unlverslty Chemical Laboratory, 
Lensfleld Road, Cambrldge C82 1EW. Any request should be accompanied by the full literature 
cltatlon for this paper. 
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