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Abstract: The first synthesis of nikkomycin 2 is described. An improvement of the isoxazoline-based methodoI&~12 

and an effective method for protection of lb were devised. The application of oxalyditriazole (23) for peptide coupling 

proved most effective in completing the synthesis. A new and efficient synthesis of the prerequisite pyrkfyl E&fin (5) is 

also described. 

The nikkomycin family of antifungal antibiotics inhibit fungal cell wall chitin biosynthesis.’ In view of increased 

demands for treating opportunistic fungal infections, chitin synthetase.inhihitbn appears to be an attractive approach for 

the design of safer antifungal agents. Nikkomycins X and 2 have shown efficacy in a disseminated candiiiasis model in 

mice2 as well as systemic Coccidioides immitis and Blasfomyces dermalifidis infections3 These are the first examples 

of a chitin synthetase inhibitor showing activity in systemic animal infections. 

A number of nikkomycins have been characterized,4 and some approaches to the synthesis of the two principal 

aromatic butanob acid components la 5,6 and 1 b7 have heen reported earlier.s*s-t o Barrett’ 1 recently described a 

highly stereoselecfive synthesis of the nikkomycin B aryl butanoic acid component la, a homotymsine analog. In 

accord with our own observations, it was notable that chemistry useful in the phenyl series (cf. nikkomycin B) generally 

failed” when applied to analogous pyridyl series (cf. nikkomycin X and Z) compounds. This prompted us to develop a 

practical synthesis and protection of selected stereoisomers of the pyridyl aminohutanoic acid component lb as well as 

its coupling to uracil polyoxin C (2, UPoC), culminating in the synthesis of nikkomycin Z which we now describe. 

OH GH 
Nikkomycin Bz: X&H la: XPCH 
Nikkomycin Z : X=N lb: X-N 2 

When we initially required all eight possible isomer6 of 1 b, the nitrile oxide cycbaddiiion/isoxazoline reduction 

methodobgy of K6nig1* seemed most suitable. Our subsequent focus on 3R:4R’isomers led us to concentrate on the 

trans-olefin 6 (or ana@) from which they evolved. Since the reported1o ‘I-step synthesis of the acetate corresponding 

to 6 (17% yield) proved Impractical, a more efficient synthesis was imperative. Thus, the deep red dianbn 3b13 reacted 

with acetaldehyde to give 4.14 Selective henzylatiin l5 of 4 followed by dehydration gave 6 in overall 5560% yields in 3 

steps (Scheme I). 
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SCHEME 1 

R I Tl 
b 

N CHrR * “W d * 6xtL 

aL 3a: R=H 4: R=H 
9b: RELi ‘c6: R=CH2Ph 6 

Rea9ente * 8: set-BuLi (2 eq.). THF, -2O’C. b: excerr CHsCHO, -20 + 2O’C; H30+ (85%). c: NaH, BziBr. 
DMF (98%). d: KOH (2 eq.), hydroquinone, DMS0,160°C,0.5hr (70%). 

With sufficient 6 in hand we were unable to reproduce the nitriie oxide cycloaddiiion to obtain 6 even in the 

reported moderate yields.6,6*10 It appeared that the relatively tow nucleophiltcity of 6 (cf. phenyl analogs) could be 

overcome by htgh dilution of the nitrile oxide, avoiding the undesired seif condensation of the latter. This was best 

achieved by very slow infusion of aqueous Na2C03 into an ethereal solution of 7 and the olefin 6. In this manner 

isoxazoline (R*,R’)-616 could be obtained consistently in over 70% yields (Scheme 2). 

SCHEME 2 

9a: R = Et 
I (f)-10: R = OH 9b: R = f-Bu (.2HCI) 

8 
uL (f)-11: R=NHf-Bu 

(f)42: R = Of-Bu 
I 

19a: R=CBZ 16a: (R:R:R3-16 
16b: (R:R:S3-16 

2Oa: R’= CBZ; R2= H 
20b: R’= BOC; R2= H 
[22 : R’= R’= TBDMS] 

HO NHR 
13: R=H 

17: R=CBZ 14: R=CBZ 
16: R=BOC 

Reagents. a: O.O5M5/Et20, xs z. slow addition of aq. Na2C03 (70%). b: &or j_& Zn-Cu, HOAc, 22-27%. 6 hr.60 mmoi; 
HCI (79%). c: KOH, THF-He0 (95%). d: Im$O, DMF, r.t.; I-BUN& (70%). o: ImpCO, DMF, r.t.; &BuOK. r-BuOH (90%). 
f:& KOH (3 eq.), THF-b0 (95%). g: H&P, AG5OW resin chrom’y, 2N NHPH (94%). h: Uors, chrom’y.; KOH-l+O. 
I: PhCH@OCi, Et& THF; or (FBuOCO)~. EtsN, THF (-So%.). J: DCHA, Et20 (fractional xtal’n of m k: 1 N HCI-HOAc 
0.5 hr., r.t. (72%). I: bis(trimethylsiiyl)accetamide (3 eq.), CH&H, 16 hr., r.t. (quant.). m: N(benzybxycarbonybxy)- 
succinimide or [2+butoxycarbonybxyimino)phenylacetonitrile]. n: N-methyi-N-(f-butyldimethylsilyl)trifiuomacetamide ( a. 

in contrast to its phenyl counterpart, 0 reduction of 6 according to reported conditionsto again produced erratic 

low yields of 9a.17 This might be attributable to more facile oligomerization of the amino ester 9a during reaction and 

isolation, but hydrolysis of 6 to 1018 afforded access to more useful derivatives. Attempted DIBAL reduction of the 

f-butyl amide 11 according to conditions described in the phenyl series tg led only to intractable mixtures. The f-butyl 

ester 12,20 however, led to an 60% yield of 9b (isolated as 2HCI salt)2’ under the standard Zn-Cu/AcOH reduction 

condttions.10 Although formation of the HCI Salt of 9b before work-up prevented subsequent decomposition, this did not 
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work well in the case of the ethyl ester Sa. All attempts to protect the y-hydroxy and a-amino functionalities of Sb.2l-U 

proved futile, leading only to the ladones 13, which were isolated as the benxyl or fkrtyf carbamates 14 or 15.22 

The f-butyl ester Sb was remarkably easy to hydrolyze to 18. 23,24 The a-amino group of 1S could easily be 

protected as /U-CBZ or NBOC derivatives 17 or 18, reasonably stable as diiyclohexylamine (DCHA) salts. Fortuitously, 

(R*,R’,R’)-18eDCHA selectively crystallized from the diastereomer mixture in Et20 offering an alternate separation 

method. Not surprisingly, formation of the active esters of 17 or 18 led only to the lactones 14 or 15. But all attempts to 

further protect the free hydmxyl group in either 17 or 18 also failed, the most frequent produds being the ladones 14 or 

15. lt appears that the presence of bulky Nprotecting groups in 17 and 18 provide significant steric constraint about the 

T-hydroxyl for intermolecular reactions. An added factor for this reduced reactivity could well be attributable to 

coordination effects of the proximate pyridyl nitrogen. 

In an alternative approach, persilylation of 18a, followed by in situ amino protection as CBZ or BOC was then 

tried. It was reasoned that even if Nsilylation took place before Osilylation, an intramolecular N-r0 silyl transfer would 

amount to net Qsilylatiin; and the siiyl ester would hydrolyse during work-up. This concept was successfully carried 

out to provide the suitably protected O-trimethylsilyl acids 19a and 19b. These derivatives however, proved only 

marginally suitable as they were unstable to storage, leading to the lactones 14 and 15.25 Subsequently, a 

t-butyldimethyl silylation protocol gave 20a 26 and 20b which were perlectly stable to work-up and storage. It is 

important to note that use of highly reactive Nmethyl-N(f-butyldimethylsilyl)trifluoroacetamide (21) was necessary, 

possibly acting via the intermediate 22. Later coupling experiments showed that 20a was much preferred over 20b 

based on reduced yields with the latter, presumably due to steric reasons. 

The diffttufties encountered in coupling of protected and relatively unhindered amino acids with 2 were reportedly 

overcome by use of DMSO as solvent and diisopropylethylamine as base. 27 This expedient alone proved ineffective in 

attempts to couple 2tta with 2 by either the mixed anhydrfde or DCClHOSu active ester method (maximum yield 14%); 

the activation step alone required over 4 days at 20°C. What appeared to be severe steric hindrance required that the 

activated acyl group had to be much more eledrophilic. and that the activating reagent had to be also highly reactive. 

Carbonylditriazole26 and oxalylditriazole (23).2g two virtually non-basic reagents seemed to meet the above 

criteria. The latter virtually overlooked reagent 23 was first described as a potent carboxylic acid activator for 

esterification,2Q and subsequently as a condensing agent to prepare amides, including hindered dipeptiies.30 Indeed, 

activation of (R.‘R.‘R~-20a with 23, followed by coupling with 2 (Scheme 3), afforded 24 as one of the two 

diastereomers in 5055% total yield; the conventional methods had failed to exceed 15% yields. Finally, the one-pot 

deprotection of 24 was accomplished using Pd-blacWHCOOH-MeOH-H20 (90:9:1)/20°C/1-2 hr. to provide a single 

product identical with authentic nikkomvcin Z.31 

BZID 

w-2- 23 

Bergonto. a: CHsCN, 20°C. 3 hr. b: 2, N-methylmorpholine, DMSO, 20°C, 48 hr. 

(RRR)- 
diastereomer 

25 

Since uracil polyoxin C (2) has been obtained by total synthesis, 32 this constitutes formally the first total synthesis 

of nikkomycin Z. The synthesis of a (storable) suitably protected (5’hydroxy)ntkkomycin E derivative 2oa. and coupling 
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procedure described above are capable of providing any of the several stereoisomers of nikkomycin Z with approprfate 

modification. This work uses and augments the available strategies pertaining to resolution6~Q and stereoselective 

synthesisll for 1 b. We shall detail on some of these other aspects in forthcoming communications. 
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