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The compounds of the invention can be prepared as shown in Schemes 1-13. The syntheses of
segments (1), (1), {IV), and (V) are described in the Examples. The process shown in Scheme 1 discloses
the condensation of carboxylic or sulfonic acid G - OH to segments {il} and {lll) in the presence of a
coupling reagent o give (V1) and (Vll), respectively. The process shown in Scheme 1 also discloses the

5 condensation of segments (IV) and (V) to NRssRs¢ in the presence of a coupling reagent to give (VIll) and
(IX), respectively. Coupling reagents known in the art which can be used include, but are not limited 1o,
dicyclohexylcarbodiimide (DCC), 3—ethyl-3'o(dimethylamino)propylcarbodiimide (EDC), Dbis{2-ox0~3-0x-
azolidinyl}-phosphinic chloride (BOP-C), dipenylphosphoryl azide (DPPA) and the like.

In addition to the use of the carboxylic acids or sulfonic acids shown in the scheme, acid halide and

70 other activated ester derivatives of the carboxylic acid or sulfonic acid are useful for the coupling reactions
with (1), {lll}, and HNR1sR1g. Acid halide derivatives include the acid chloride. Activated ester derivatives
include activated esters commonly used by those skilled in the art for activating carboxylic acid groups for
coupling with an amine to form an amide bond or for coupling with an alcohol to form an ester bond
including, but not limited to, formic and acetic acid derived anhydrides, anhydrides derived from alkoxycar-

15 bonyl halides such as isobutyloxycarbonyichioride and the like, N-hydroxysuccinimide derived esters, N-
hydroxyphthalimide derived esters, N-hydroxybenzotriazole derived esters, N-hydroxy-B-norbornene-2,3-
dicarboxamide derived esters, 2,4,5-trichlorophenol derived esters and the like.

The compounds of the invention having a fluorinated X group can be prepared as shown in the
synthetic Scheme 2. The process shown in the synthetic scheme shows the preparation of the key

20 intermediate XV. The synihesis starts with a protecied amino alcohol X, which was oxidized by Swern
oxidation to the corresponding aldehyde Xl. Reformatsky reaction with ethyl bromodifluoroacetate provided
Xli. Deprotection of X, foliowed by treatment with phosgene gave Xlil which upon hydrolysis of the ester
and treatment with an organometallic such as an alkyliithium or alkyl Grignard provided compound XIV.
Oxime formation from X1V and hydrogenation, followed by basic hydrolysis of the oxazolidinone ring gave

25 the key intermediate XV. Coupling of protected amino acid, or amino acid derivatives or peptidyl fragments
J to the intermediate XV provides the compounds of the invention XVL. Oxidation of XVI provided the
compounds of the invention XVIi.

Compounds of the invention wherein X is -CH{ORzo1)-can be prepared as shown in Scheme 3. The
process shown in Scheme 3 discloses the reduction and subsequent addition of vinylmagnesium bromide

30 to protected aminoester XVIll. The resulting allylic alcohol XIX is mesylated to provide XX, which is treated
with a Grignard reagent and catalytic CuCN to provide olefin XXi. Epoxidation of XX leads to XXii which is
regioselectively opened with azide anion to provide XXill. Reduction of the azide gives XXIV and
deprotection provides XXV, both of which can be coupled according to Scheme 1 to provide compounds of
the invention.

35 Compounds of the invention wherein X is -CH(ORz01)-CH(OR202)- can be prepared as shown in
Scheme 4. The process shown in Scheme 4 discloses the oxidation of XXVI to protected aminoaldehyde
XXV, Reductive dimerization of XXVIil provides the doubly protected diaminodiol XXVIil, which is deprotec-
ted to give diaminodiol XXIX. Coupling of XXIX according to Scheme 1 provides compounds of the
invention.

40 Compounds of the invention of the the type XXXII, in which d=0 or 1 and Rs and Rsoo are as defined
above, may be prepared as outlined in Scheme 5. Thus the known aziridine XXX (Y. L. Merrer, et al
Heterocycles, 1987, 25, 541-548) is acylated (e.g. with G =Cbz-valine}, sulfonated (e.g. with G=p-toiuene
sulfonic acid), or phosphorylated (e.g. with G=diphenylphosphinic acid), fo provide compounds of the
formula XXXI. These compounds are in turn treated with various nucleophiles, such as thiols, alcohols,

45 amines, or organometallic reagents, which serve to open the aziridine ring. The acetonide can be removed
by acid hydrolysis. When G is. a sulfonic acid residue, e.g. p-toluenesulfonyl, this group may be removed
reductively, for example, with sodium in liquid ammonia or with sodium napthalenide, to provide compounds
of the formula X0 wherein G is hydrogen. These compounds, in turn, can be N-acylated with protected
amino acids, e.g. Cbz-valine, to provide additional compounds of the formula XXXIL.

50 As outlined in Scheme 6, compounds of the invention of the formula X0Vl and XXXVHl may be
prepared by acylation of XXX with bromoacetyl bromide, foliowed by displacement of the bromide with
various amine nucleophiles. Rzoc and Reot may be selected independently from hyrodgen and alkyl, or
may consititule a heterocyclic ring incorporating the nitrogen to which the are appended, e.g., rings such as
morpholine, piperidine, and piperazine. Compounds of the invention of formula XL and XLI may be prepared

55 by acylation of XXXIiI with (chioromethyl)benzoyl chloride, followed by displacement of the benzylic
chioride group with various amine nucieophiles.

As outlined in Scheme 7, compounds of the invention of formula XLV and XLVI, and L and LI, are
prepared in analogous fashion from compounds XU and XLV

52
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As outlined in Scheme 8, compounds of the invention of the formula LIl are prepared from compounds
of the formula LIl by treatment with diazomethane. Compounds of the formula LIV may be oxidized to
ketones of the formula LV by freatment with the oxalyl chloride/DMSO reagent followed by treatment with
triethylamine. Ketones of the formula LV may be converted o epoxides of the formula LVI by treatment with

s diazomethane.

As outlined in Scheme 9, the compound of the formula LV (C. H. Chen, et al, J. Org. Chem., 1981, 46,
2752-2757 )is converted to the compound of the formula LVIIl by hydrogenation, reduction with scdium
borohydride, followed by saponification of the ester to provide the diacid. This compound is in turn, coupled
with various amino acid esters or amides to provide compounds of the formula LIX, wherein Rsoz may be

10 NHor O, and Rs is as defined above.

As outlined in Scheme 10, compounds of the formula LX (W.N. Haworth, et al, J Chem. Scc., 1944,
217.) are treated with amino acid esters or amides, followed by acetone with an acid catalyst, followed by
triflic anhydride to provide compounds of the formula LXI, wherein Rsos may be NH or O, and Rs is as
defined above. These compounds are in turn treated with various alcohol, thiol, or amine nucleophiles,

15 followed by acid catalyzed hydrolysis of the acetonide, to provide compounds of the formula LXII, wherein
Rso3z may be NH or O, and Ry and Rsoo are as defined above.

As outlined in Scheme 11, the diepoxide LXIII (R.S. Tipson, et al, Carbohydrate Research, 1968, 7,
232-243.) is converted to the diester of the formula LXIV by oxidation, first with the DMSOQ/oxaly!l chioride/
triethylamine reagent (Swern reagent) to the dialdehyde, and then with bromine ?n methanol/aqueous

20 sodium bicarbonate. This compound is in turn treated with various alcohol, thiol, or amine nucleophiles, or
with organometallic nucleophiles, followed by protection of the alcohols with a protecting group P, to
provide compounds of the formula LXV, wherein d = 0 or 1, and Rsoo and Rs are as defined above.
Saponification of LXV followed by coupling with various amino acid esters or amides and deprotection of
the alcohol protecting groups provides compounds of the formula LXVI, wherein Rgos may be NH or O, d=

25 0 or 1,and Rsoo and Ra are as defined above.

As outlined in Scheme 12, the compound of the formula LXill may be oxidized with the Swern reagent
in a solvent like THF, and without isolation, treated with an organometallic reagent, such as a Grignard
reagent, to provide compounds of the formula LXVH. These compounds, may in turn, be converted {o the
carbamates LXVIHI with an isocyante, wherein Rsos is hydrogen or benzyl or subsituted benzyl. These

a0 carbamates may then be treated with a strong base such as potassium t-butoxide or sodium hydride in a
suitable solvent such as THF, and the resulting cyclic carbamates treated with hydrogen over a palladium
catalyst to provide compounds of the formula LXIX.

As outlined in Scheme 13, compounds of the formula LV may be converted to the oxime LXX with
hydroxylamine hydrochloride in the presence of pyridine. These compounds may then be reduced with

35 hydrogen over a catalyst fo provide compounds of the formula LXXI.

40
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