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When the cellular regulation is lost, the levels of activities of
these enzymes are elevated, an event that causes a number of
pathological conditions that include cancer growth, tumor
metastasis and angiogenesis, arthritis, connective tissue diseases,
inflammation, and cardiovascular, neurological, and autoimmune
diseased?1%As such, many inhibitor design programs have
targeted MMP$.7:17-20

Our efforts in the area of MMP inhibition necessitated
synthesis of batimastab) in large quantities. This is a broad-
spectrum and highly potent inhibitor of MMPs. The synthesis
of this compound has appeared only in the patent literature
(Scheme 1¥-22 The synthesis is a multistep process starting
from p-leucine (), progressing through the intermediary
compound2—4. As the final step, the precursdris coupled
to hydroxylamine to afford batimastab)(

The direct conversion of carboxylic acidto the correspond-
ing hydroxamic acid derivativd was performed with an excess
of either hydroxylamine oiO-silyl hydroxylamine using an
EDCI-mediated coupling protocol in the presence of HOBt at
4 °C. Although the reactions proceeded in moderate yields, the
presence of base readily initiates an elimination of the labile
thienylthio functionality, which in turn resulted in undesired

Peptidic and peptidomimetic hydroxamates are increasingly Side products together with the formation of the corresponding
being developed as potential pharmaceutical agents inacrylate intermediat8. To improve the outcome of this reaction,

targeting metalloenzymes. For a number of practical con-
siderations, the hydroxamate moiety is often introduced in

the synthesis onto valuable advanced synthetic precursors.

The approach entails activation of the carboxylate of the
synthetic precursor by any number of methods for the
preparation of the hydroxamate. We report herein that this
widely used approach in preparation of an entire class of
enzyme inhibitors is problematic as documented by the
formation of an undesirable cyclization product (character-
ized in this report), which could at times be the exclusive
outcome of the carboxylate activation process.

Hydroxamate inhibitors of enzymes are being made with
increased frequencdy.The hydroxamate moieties of these
enzyme inhibitors are usually intended for chelation to active-
site metal ions, a function that sequesters the inhibitor within
the active site and impairs the catalytic function. Both peptide-

we tried alternative coupling methods (e.g., DCC, P ahd
pivaloyl-mixed anhydride) starting from, all of which at the
end proved unsatisfactory.

The difficulties in the final step were serious, as the precious
key precurso# was not giving the desired product in sufficient
purity and acceptable yields. The patent literature precedents
in this area lack sufficient details on the proced %,
prompting us to investigate the root cause of the difficulty. We
wondered if the activation step for the amide bond formation
in the presence of a thienylthiomethyl substituent was the
problem. We envisioned that activation of the carboxylic
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able use in inhibition of metalloproteinas€sThe concept is

that the peptide- or peptidomimetic-based backbone mimics the
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the hydroxamate moiety latches the inhibitor onto the active-
site metal ion (most often the zinc ion).

Our interest in enzymes that are involved in tumor metastasis
has drawn us to the family of matrix metalloproteinases
(MMPs). This family of enzymes constitutes a group of 26
closely related proteins that have the ability to alter the
extracellular matrix by their functiorfs® The functions of these
enzymes are strictly regulated under physiological processes
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function of the a,3-unsaturated derivative8 could either the basis of the X-ray diffraction analysis and was correlated
eliminate side-product formations or serve as an appropriate with stereochemistry of the starting material. Spectroscopic
intermediate for regioselective introduction of a hydroxylamido studies, capped by an X-ray crystallographic analysis, estab-
functionality at the terminal carboxyl group. Therefore, the direct lished the compound unambiguously@<rystal data, atomic
conversion of carboxylic aci@to the corresponding hydroxamic  coordinates, bond lengths, and angles8are given in Tables
acid derivative was performed. 1-6 of the Supporting Information.

The reaction of the carboxylic acBlwith EDCI/HOBt was Although we could not isolate the reaction intermedidies
done at £C to give an intermediate, the identity of which could and?7, it would be reasonable to assume tBatas produced
not be established by NMR and mass spectrometric analysesexclusively by the facile rearrangement of derivatiteWe
However, when this reactive intermediate was treated in situ propose that the reaction sequence is initiated by intramolecular
with hydroxylamine, to our surprise, it did not give the expected cyclization via pathway b (Scheme 2) affordiigwhich is then
corresponding hydroxamate derivative, but instead a novel converted by prototropic rearrangement into the thermodynami-
product. Interestingly, the very same product was obtained in cally more stable isoimid8. The preferential attack of the less
guantitative yield during the preparation&®ffor which we used nucleophilic oxygen of the amide functionality occurs at the
oxalyl chloride and in the presence of triethylamine. The likely — activated carboxylate, which interestingly proceeds with com-
outcomes for the reaction are depicted in Scheme 2. The plete regioselectivity to furnish exclusivelg)¢isoimide deriva-
expected species would presumably arise by the intramoleculartive 8. The formation of the imide derivativ&would have been
attack of the acyl chloride i (or any myriad of activated intuitively reasonable, but it is not seen. In view of this
carboxylic acids) by the internal amide groups, to form five- observation, the transition state of the critical cyclization step
(pathway a and b, Scheme 2) or eight-membered ring systemswould appear to be influenced by steric factors rather than by
(pathway c and d), respectively. As noted earlier, only one the competitive nucleophilicities of the oxygen vs the nitrogen
product was seen (regardless of the nature of the carboxylateof the amide of6. All attempts at isolation of alternative
activation), which was characterized by NMR (including COSY, derivatives having eight-membered 1,4-oxazocdfegathway
HMQC, and HMBC experiments) and by MS, which produced c) or 1,4-diazocanel(l) heterocyclic ring systems (pathway d)
data consistent witB as the structure. Crystals of the compound by varying the reaction conditions or by quenching reaction
were grown by diffusion of ether into a chloroform solution of mixtures with different solvents such ashexane or ethanol
the crude synthetic material, and X-ray diffraction analysis was were unsuccessful.
performed to elucidate the structure unambiguously (see Figure With 8 in hand, we reanalyzed samples from previous
1). The stereochemistry for the chiral center was assigned ondisparate synthetic approachestthat we had employed. All

2886 J. Org. Chem.Vol. 71, No. 7, 2006
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C (DBU, 1.1 g, 7 mmol) was mixed with the solution of acyl chloride
I) 6 via cannula while maintaining the internal temperature between
- —5 and 0°C. The mixture was stirred f@ h under an atmosphere
of nitrogen, and then it was quenched by the addition of water (4
\ mL) and extracted with dichloromethane. The organic phase was
—) concentrated to a residue, which was flash chromatographed (eluent;
CHCIl/MeOH = 8:2) to give the title compoun8 as a white solid
(0.61 g, 87% yield)*H NMR (500 MHz, CDC}): 6 ppm 0.90 (d,
J=6.55 Hz, 3H), 0.98 (dJ = 6.89 Hz, 3H), 1.94 (s, 3H), 1.95
2.00 (m, 1H), 2.2#2.42 (m, 2H), 2.86 (dJ = 5.17 Hz, 3H), 3.01
! \ N (dd,J = 13.44, 8.61 Hz, 1H), 3.39 (dd,= 13.44, 3.79 Hz, 1H),
’ Q g 4.70 (dd,J = 8.44, 3.96 Hz, 1H), 6.62 (d) = 3.79 Hz, 1H), 7.11
/B (d, J = 6.89 Hz, 2H), 7.16-7.23 (m, 3H)!}3C NMR (126 MHz,
C CDCl): 6 ppm 9.2, 22.1, 22.8, 25.9, 28.1, 33.4, 40.4, 63.4, 126.5,
Y \ 01 127.8, 129.4, 133.6, 136.8, 147.9, 153.5, 167.2, 171.4. LGS
A 329 (M + 1).
o N2 Crystal Growth and Analysis. Compound8 (300 mg) in
— chloroform (5 mL) was heated to produce a clear, colorless solution.
N1 Crystals of suitable size for single-crystal X-ray diffraction analysis
F. y2 were obtained by diffusion of diethyl ether into the chloroform
solution at room temperature overnight. Cell parameters were
C/ ~ determined using reflections harvested from three sets of 120.5
scans. The orientation matrix derived from this was passed to
&) COSMO® to determine the optimum data collection strategy.
Average 7.4-fold redundancy was achieved usingylskan series
FIGURE 1. ORTEP drawing of isoimid8, drawn at 50% probability and 6¢ scan series. Data were measured to 0.68 A. Cell parameters

level. were refined using 9126 reflections witle 100(l) and 2.611 <
6 < 31.507 harvested from the entire data collection. In total,
these reaction mixtures indicated the presence tof varying 46 162 reflections were measured, 3208 unique and 3178 observed,

degrees. Therefore, this significant side reaction is a major | > 20(l). All data were corrected for Lorentz and polarization
contaminant in the synthesis of batimastat. Considering that itsege‘:ts't ~and ”{'.ns were scaled using SADABSth the *no
formation takes place at the end of a multistep synthesis with absorption” option.

a valuable svnthetic precursor. the known svnthetic routes to The structure was solved using direct methods in monoclinic
Yy P ! y space grou2;. All non-hydrogen atoms were assigned after the

batimastat and related compounds are problematic. initial solution. Hydrogens were placed at calculated geometries
In I’etI'OSpec'[, the outcome Of thIS S|de reaction Sh0u|d not be and allowed to ride on the position of the parent atom. Hydrogen
totally unanticipated. However, in light of the desirability of thermal parameters were set to 1.2 times the equivalent isotropic
both peptidic and peptidomimetic hydroxamate derivatives as U of the parent atom and to 1.5 times that for methyl hydrogens.
enzyme inhibitors and as potential pharmaceuticals, effective The hydrogen bound to N1 was located by difference map and
routes to their preparations should be devised. Because activatiorireely refined in subsequent cycles of least-squares refinement. Non-

of carboxylates for the formation of hydroxamates late into the m’drogle“ at_tomST k\lNeIre refined Izl\/_iththpira”ll%t%rs for anisotrggig
synthetic scheme would appear to be preferred, the synthetic!"€fMmal motion. The largeést peak in the final difierence map, u.
y PP P y y e -A-3 was located on the midpoint of the G213 bond. All

scheme should be devised such that the undesired cycllzatlonOf the 10 largest peaks were situated along bonds. The electron

process could be avoided. The significance of this side reac’uonOlerlsity varied from 0.35 to 0.27-6A—3. Stereochemistry was

cannot be discounted as it could proceed as the exclusiveassigned from a stereocenter that was unchanged through the
outcome of the reaction of the activated carboxylate in some reaction. The Flack parame®rthough not definitive for light-

cases. atom structures and Mo dradiation, was in agreement with the
assigned stereochemistry. The Flack parameter refined to 0.13(10)
Experimental Section for the reported structure and to 0.87(10) for the inverted structure.
Synthesis of (&)-2-[(2Z2)-3-Isobutyl-4-methyl-5-oxofuran- Supporting Information Available: Tables of atomic positions,
2(5H)-ylideneamino]-N-methyl-3-phenylpropan-amide (8).A 25 thermal parameters, and bond lengths and angles, as well as full

mL flask was charged witl8 (0.7 g, 2 mmol) under nitrogen,  crystallographic data fo8 (CIF); NMR spectra for the synthetic

followed by the addition of dichloromethane (10 mL). The solution molecules3 and8. This material is available free of charge via the

was cooled to-5 to 0°C, and oxalyl chloride (2.0 M) in C§Cl, Internet at http://pubs.acs.org.

(0.4 mL) was added over 5 min, followed by anhydrous DMF (0.15 JO052546F

mL), while the internal temperature was maintained just betdw

°C. The reaction mixture was stirred afQ for an additional 15 (23) COSMQ Bruker-AXS: Madison, WI, 2004,

min to.glve a SO'”“Q“ of the acyl Chlo,“(ﬁ . (24) Sheldrick, G. MSADABSUniversity of Gdtingen: Germany, 2004.
A stirred suspension of hydroxylamine hydrochloride (0.48 g, 7 (25) Flack, H. D.Acta Crystallogr., Sect. A: Found. Crystallog983

mmol) in CH,Cl, (10 mL) and 1,8-diazabicyclo[5.4.0Jundec-7-ene 39, 876-881.
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