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NATURAL PRODUCT SYNTHESES UTILIZING 4-ALKOXYCARBONYLOXAZOLES

AS B-HYDROXY-a-AMINO ACID SYNTHONS
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Abstract -—— The utility of 4-alkoxycarbonyloxazoles as latent B-
hydroxy-g-amino acids in the synthesis of amino sugars and amino acids
is described.
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1. Introduction

Diphenyl phosphorazidate (DPPA)1 and diethyl phosphorocyanidate (DEPC}2 have been

well proven to be versatile reagents for organic synthesis.3'4
CﬁH50\ CoHs0 \
P-N3 (DPPA) P-CN {DEPC)
CgHs0” ' CoH50” I
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These reagents can be used for the direct C-acylation of active methylene

compounds with carboxylic acids in the presence of bases.5'8
/X (C5H5U)2P(0)N3 /X
RCOH + CHy > RoOCH
Y or (CyHg0),P(0)CN Y

Base

X and/or Y = electron-withdrawing groups

When isocyancacetic acid esters are used as active methylene compounds in the
above C-~acylation, 4-alkoxycarbonyl-5-substituted oxazole derivatives 1 are
obtained in good yields., The obvious intermediate is the C-acylated product 2,
which is cyclized via the enol 3 to give 1,

The.C-acylation of isocyanocacetates has been usually carried out by use of acid
chlorides, acid anhydrides, benzoxazines, selenol esters, and so on. Very few
reports have been concerned with the C-acylation by the direct use of carboxylic
acids without prior isclation of activated intermediates. DPPA and DEPC in
combination with base, however, allow the direct C-acylation of isccyancacetates

with carboxylic acids to give the oxazole derivatives 1.

COR” (CgH50)P(0)N R COyR” R R'
RCOH + Chy R S A T e
N 7N 77N
NC or (CpHg0),P(0)CN 0 N HO N
% 4
Base o :¢7
2 3
R COxR H R, COR’ [H] R, ,COzR"
E—— = —_— ,/C-Cti —_— CH—CH
0__N 0”7 “m H” MM
\F 2 2
1 4 5

Acid treatment of 1 easily affords f-keto-a-amino acid derivatives 4, which are
readily reduced to give B-hydroxy-a-amine acid derivatives 5. Various natural
products including amino sugars can be prepared from 5. Thus, 4-alkoxycarbonyl-5-
substituted oxazoles 1 are regarded as B-hydroxy-a¢-amino acid 5 synthons. This
was pioneered by Matsumoto and co-workers, who have developed a number of

interesting synthetic works using isocyanoacetates.g
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This review focuses on our own works concerning syntheses of natural products

utilizing 4-alkoxycarbonyl-5-substituted oxazoles as B-hydroxy-c-amino acid

R, COR’ :
2 R, COR
r= on—ch
oM HO' VN
1 5

2. Construction of the Oxazole Skeletons

synthons.

2.1 ®With DEPC

Our works on the oxazole synthesis started from the reaction of benzoic acid with

tosylmethyl isccyanide. The desired oxazole 6a was readily formed by use of DEPC-

triethylamine.5
X (CoHg0)2P(0)CN CeHs X
/
CgHsCOH  + C\Hz > H
NC EtaN 0\¢N
in OMF
6a: ! = cu3.@_soz- , 812

b: X = CH30C0- , 81Z

Methyl isocyancacetate, analogously as tosylmethyl isocyanide, gmoothly underwent
the C-acylation by use of DEPC to give 4-methoxycarbonyl-5-phenyloxazole (6b).
When O-protected a-hydroxy acids or N-protected ¢-amino acids were used in the C-

acylation, 4 equivalents of triethylamine were required to conduct the oxazole
synthesis smoothly10 while 3 equivalents of the base were usually enough for the
direct C-acylation using DEPC.°~ 8% The use of an excess of the base causes a
considerable racemization when optically active starting acids are used for the
oxazole synthesis and the racemization would occur in the stage of the acylated
intermediates 2., The results are summarized in Table 1.10

To suppress the racemization, several reaction conditions were explored using Boc-
L—Phe—OH.”"|2 Sodium hydride was found to be a much better base than
triethylamine, and the optical purity of the resulting oxazole was 94%, However,
the use of DEPC was not promising since the yield of the oxazole was 50 poor
{18%)., This led us to expiore the possibility of DPPA in the C-acylation.

2,2 with DPPA

In the oxazole synthesis from Boc-L-Phe-OH and methyl isocyancacetate using DPPA,

similar reaction conditions tc those when DEPC and triethylamine were used
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Table I. The Oxazole Synthesis Using Diethyl Phosphorocyanidate (DEPC}

Ry X o A0tz (CoH50),P(OICN Rl)c/x C0,CH3
Ry” NCOMH Hzune EtgN > R dN
in DMF \\5? b)
7 .
Rl R2 X Yield, %
CH3 H OCHZOCH3 50
CH3CH2 H 0CH20CH3 43
CH3 CH3 OCHZOCH3 28
CEHS H OCHZOCH3 42
H H NHCOZC(CH3)3 41
CH3 H NHC02C(CH3)3 73
(CH3)2CH H NHCOZC(CH3)3 76
(CH3)2CHCH2 H NHCOZC(CH3)3 56
C6H5CH2 H NHCO:C(CH3)3 45
C6H5CH2 B NHCOZCH2C6H5 35.5

a) Racemic O-methoxymethyl-a-hydroxy acids and Boc- or Z-L-a-amino
acids are used.

b} Racemic oxazoles are obtained.

i However, the use of potassium

resulted in a poor yield (21%) of the oxazole,'
carbonate afforded the oxazole in 60% yield. The best result (70%) was obtained
by use of potassium carbonate sesquihydrate. The oxazole obtained almost retained
the optical purity. This oxazole synthesis using DPPA has been proven to be quite
general, and the results are summarized in Table II.13 In the preferred
procedure, 2 Mol. egquivalents of potassium carbonate sesquihydrate together with 4
equivalents of methyl isocyanoacetate are used in dimethylformamide at or below

13 Interestingly, when DEPC was used in the preferred procedure

rocm temperature.
using DPPA, the isolated yield as well as the optical purity of the product was
much inferior, This striking difference in the optical purity may be due to the
fact that the cyanide anion (HCN, pKa 9.2) is a stronger base than the azide anion
(HN3, pKa 4.59). Since the C-acylation with achiral acids proceeds straight-

forwardly, a slight excess (1.2 equivalents}) of methyl isocyancacetate is enough

to conduct the reaction.
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Table II. The Oxazole Synthesis Using Diphenyl Phosphorazidate (DPPA)
€0, CH (CgH50)aP (0N R 0
RCOpH + CHy 273 R R
~NC K5C04-1.5H,0 0 N
py
in DMF N
RCOH Isolated RCOH [solated
2 yield,3 2) 2 yield.z )
C6H5C02H 77 Boc-L-Tyr(Bz1)-0H 70 (53)
CSHSCHZCH2C02H {85) Boc-L-Trp-0H 78 {52}
Boc-Gly-OH 95 (76) (s) C6H5$HCOZH
Boc-L-ATa-OH g0 (61) OCH,0CH 72
Boc-L-Val-OH 78 (51} (s} C.H.CHCO,H
61572 b)
Boc-1-l.eu-0H 78 (54) OCH,0CH 5 70 (66}
Boc-L-Met-OH 57 (40) 0 C0,CH c)
(R, R} 2""3 79
Boc-L-Phe-0H 70 XOrCOZH (54)
Boc-L-Phe-0OH 60

a) Numbers in parentheses are yields after recrystallization or distillation.

b) Sodium hydride was used as a base.
c) Diisopropylethylamine was used as a base.

3. Cleavage of the Oxazole Nucleus
Although oxazoles are generally gquite stable to acid, the oxazole nucleus of 4-

alkoxycarbonyloxazoles 1 are activated with the electron-withdrawing function and

known? to undergo the acidic cleavage, giving B-keto-e-amino acid derivatives 4
treatment of 4-methoxycarbonyl-5-

with expulsion of one carbon fragment. In fact,

substituted oxazoles 7, obtained from a-methoxymethyloxycarboxylic acids as shown

Table III. Preparation of 3-Amino-4-hydroxytetrones
R o A2 R
- CO..CH i} HC1-MeOH 1.0
R \[—( 273 > R 0
JN i1) Acp0, NaHCO5 2 \—
A HO  NHR,
Yield of :+ R.=
7 R Ry 8b, % 8a H
b: R,=COCH
CH, H 91 3
CH,CH, H 80
CH, CH, 96
) H 90
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in Table I, readily underwent the cleavage of their oxazole nucleus by the action
of 10% methanolic hydrogen chloride. Removal of the methoxymethyl group followed
by lactonization simultaneously occurred to give 3-amino-4-hydroxytetrones B8a, a
class of furancse aminc reductones, in excellent yields. Since amino reductones Ba
were very susceptible to air oxidation just like ascorbic acid, a representative
of reductcones, they were immediately converted to stable N-acetyl derivatives 8b,
as shown in Table III.

Using similar reaction sequences, 3—acetamido-4-hydroxycoqmarin (9) was
efficiently prepared from 2-methoxymethyloxybenzoic acid (10} by the C-acylation,

acid treatment of the oxazele 11, and then acetylation,10 as shown below,

OCH.,,OCH 0 o
@OCHZOCHB CNCH2COZCH3 2 3 1) HC1-MeOH
i COCH, ———— [: | _,I
CO,H (CoH50) P (O)CN ey 23 1) Acy0, T NHCOCH 5
10 Feah N NaHCO3
81% 95% 9
11

4. Synthesis of Prumycin

Prumycin (12)14 is an antifungal antibiotic and has an interesting antitumor
activity, To date, the synthesis of this interesting compounds has been reported
by four laboratories including ours. Three of them'3-17 started from sugar
derivatives, Our approach18 started from L-serine and 1isocyancacetic acid

derivatives as shown in Chart 1.

H-D-Ala-NH OH

w

HO  NH,

Prumycin 12

The direct C-acylation of methyl isocyanocacetate with Z—L-Ser(But)-OH using DPPA
and potassium carbonate sesquihydrate in dimethylformamide afforded the key
intermediate oxazole 13, containing the reguisite function of the 2,4-
diaminosugar., Treatment of 13 with trifluoroacetic acid followed by acylation of
the resulting alcohol 14 with pivaloyl chloride gave the oxazole 15, which was
recrystallized from ethyl acetate-hexane to give the optically pure oxazole 15.
Ring cleavage of 15 with 7% methanolic hydrogen chloride smoothly proceeded to
give an eguilibrium mixture of the hydrochlorides of C-acylamino acid esters 16a

and 16b, which were neutralized and reduced with sodium borchydride in ethanol to
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t H
t (CgHE0),P(0)N OBu CF
u 6Ms0)2 3 CO,H
Z-L-—Sqer_OH + CHleC ';ZNH COZCHEI ._3_2_3. ZNH CO,CH,
\COZCHa K2C03_15H20 Oé CH2C[2

in DMF ON
- ~ocosut . \
{CH3}ACCOC! 7y cocHy _HE | COBu S COBu
DMAP-EI3NE \ MeOH COCHy S /C02CH;
in CHyCL 7 40°.2h O  NHzHCI 0 NHyHCI
15
85% ( 2steps) 16a 16b
67% (recryst.) — conut
u Bu
clco,cel
ZNH{/C02CH3 23 1““"_(3 ;COZCH3
— sat.aq. K2C03 HO 'NH
sat.aq.NaHCOp - NaBH, 7 HO  NH; CHCLy v
P . 0 a
in EtOH -10° 1 \ 17a:37% Iat
COBu!  cico,cCly 2N 0COBu
ZNH CO,CHy > TN (C02CH,
sat aq.KyC0, N|!|-|
HO  NH, CH,Cly N
17b:25% 0 18b
t  Z-D-Ala-OH ’
ZNH=( OE?,B:H (CHE0)POIEN 5 o i ed 023 LiCl-NaBH
23 TEGLN inDMF ~ocosd  TEioR-THF
HO NH, HO NHZ (4:3)
77% rt. 2.5h
11a 19 90%
OCH
H >3 :
z—D-Ata-NHC\ OCHj3 D Ala-NH LiCl-NaBH,,
ocosut PPTS ~0COBut E(tgH_-;f)iF
HO  NHZ In CHyCly 0 NHz 1ok
20 828 21 97%
Py - oty -
Z2-D-Ala-NH Y- S04{3eq) > Z—D-AlauN:ﬁCHO 46°IHF CH3CN N
< ™0H Et3N (3eq) 4 Az (1 :5_)
0 NHz in DMSO quant, rt. 10 min
ri. 10 min
22 23 90%
Hy
7-D-Ala-NH on V7 Pd-C.ACON _ HCIH-D-Ala-NH OH
3 THF - H,0 |
HO NHZ (1:1% HO NHzHCI  Chart 1.
2) HCl 95%
24 12

— 1041 —



give a mixture of two erythro amino alcohols 17a and 17b in a 3:2 ratio. Erythro
configurations at C-2 and C-3 of 17a and 17b were proven by J2'3—va1ues of the NMR
spectra of the corresponding cxazolidone derivatives 18a (J2’3=9.6 Hz) and 18b
(J2'3=8 Hz). The major isomer 17a was coupled with EZ-D-Ala-OH using DEPC to give
the amido alcohol 19. The methyl ester function of 19 was selectively reduced
with lithium chloride-sodium horohydride in ethanol-tetrahydrofuran to give the
1,3-diol 20. After conversion to the isopropylidene derivative 21, treatment with
an excess of lithium chloride-sodium borohydride yielded the f-amino alcchol 22,
Oxidation of 22 with sulfur trioxide pyridine complex-triethylamine-dimethyl
sulfoxide!9,20 rapidly proceeded to give the c-amino aldehyde 23, which on
treatment with agueous hydrogen fluoride-acetonitrile afforded N,N'-dibenzyloxy-
carbonylprumycin (24) in high yield. Catalytic removal of the benzyloxycarbonyl
functions followed by treatment with hydrochloric aeid yielded prumycin (12) as
its hydrochloride, The above reaction sequences comprise a facile synthesis of

prumycin {12) in 12 steps from Z-L-Ser(But)—OH with an overall yield of 7.5%.

5. L-Lyxonolactone

As described earlier (section 3), the oxazole derivatives 7 are easily transformed
to the amino reductones 8. Reduction of the carbon-carbon double bond in 8 will
give the saturated lactone, which are suitable starting materials for the
preparation of some amino sugars. In fact, we have succeeded the efficient
syntheses of three 2,3,6-trideoxy-3-amino sugars,21 L-daunosamine (25),22 L-
vancosamine (26),23 and D-ristosamine (27),24 starting from L-lactic acid (28a)
and its ethyl ester (28b) via the oxazole 29, the amino reductone 30, and the L-
lyxonolactone 31, The overall strategy is outlined in Chart 2 .

L-Lactic acid (28a) was treated with chloromethyl methyl ether to give the bis-
methoxymethyl derivative 32a. Lithium L-methoxymethyllactate obtained by alkaline
hydrolysis of 32a was treated with DPPA, followed by the addition of the sodium
salt of methyl isocyanocacetate afforded the oxazole 2%a, whose configurational
homogeneity was ascertained by the NMR spectral study using the chiral shift
reagent, Eu(facam);.

Alternatively, ethyl L-lactate {28b) was analogously treated with chloromethyl
methyl ether to yield the methoxymethyl derivative 32b, as shown in Chart 3.
Successive treatment of 32b with lithium hydroxide, DPPA, and the sodium salt of

ethyl isocyanocacetate as above afforded the oxazole 29b. Cleavage of the oxazole
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CH
HO—< S CH3OCH20—g=/c02R - H;,Cu-(/i\(—o
CO,R HO'  “NHj
28a :R-H 29a .R=CH3 a0
b :R=CH3CH2 b :R=CH3CH2
O 0
HyC (T~
HO“' "NHBoc
S
HaG H3G
%0 0
How(_)—OH o-«Q-OH How( —OH
Hzf\? Hzl\I CH3 H2N¢
L -Daunosamine 25 L -Vancosamine 26 D-Ristosamine 27
Chart 2.
CH 1) LIOH, Hy0 ~THF
3 2) (CaHe0)»POIN DMF
H0—< CHP3O§Ht2Cl _CHIOCHAA | C140CH,0 ( ) Cg g;; (O)N3 In
1 r2
COR CHaCly COyR 3) CHZC NaH in DMF
28 a :R-H 32 a :R=CH30CH; (91%)
b :R=CH3CH» b :R=CH3zCHz (90%)
CH30CH,0 3 co,R . H3C" 0, NaHCO
3 2 2 10% HCl-MeOH (Boc)o0, NaHCO3
HO NHoHCL Dioxane-H70C 0
29a R- CH3 (mz) quant.- 50 923
b :R=CH3CHy (69%)
O H2| r-t. i 120 atm
H C”' ni
3 ;Z:O 5% Rh-Al;05 > H3C ‘_(_7:0
HO” “NHBoc in dry AcCEt HO®  “NHBoc Chart 1.

33 91% 31
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nucleus of 29 was easily achieved with methanolic hydrogen chloride to give the
amino reductone 30 as its hydrochloride, which was immediately converted to its
Boc derivative 33, Catalytic hydrogenation of 33 completely sterecoselectively
proceeded by use of rhodium alumina catalyst, to give the L-lyxonolactone 31 as a
sole product. This is due to the presence of the methyl group at C-4 on the a-
side, which prevents the approach of the catalyst from the a-side. The lactone
31, obtained in 52% yileld from ethyl L-lactate (28b), has been proven to be a

versatile intermediate for the preparation of some amino sugars.

6. L-Dauncsamine

L-Daunosamine {25} is the carbohydrate component of a group of important
anticancer anthracycline antibiotics such as adriamycin, daunomycin, and
carminomycin. To construct the daunosamine skeleton, attachment of the Cy-unit to
the L-lyxonolactone 31 was reguired. Reduction of 31 with diiscbutylaluminum
hydride gave the lactol 34, Introduction of the Cy-unit te 34 was achieved by the
Wittig reaction of 34 with methoxymethylenetriphenylphosphorane, giving the methyl
enol ether 35. Treatment of 35 with hydrochloric acid in tetrahydrofuran finally
gave L-daunosamine (25) as its hydrochloride. The above procedure is completely
stereoselective, and the overall yield of the hydrochloride of 25 from ethyl L~

lactate (28b) is 27% in 9 steps.

BulsAlH PR C
H3C""(_O]=o u' X H3Cn-a7»vOH hgPCHOCH

S, CH.Cly R glyme - toluene
HO"  “NHBoc .g5°~_7¢° 0% “NHBoc
56%
31 80% 34
H3G,
H3C...®/=HOCH3 2N HCL-THE o ol & oH

HO  "NHBoc quant. Hzf‘f'HCl

35 L-Daunosamine 25
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7. L-Vancosamine

L-Vancosamine (26) was isclated as a carbohydrate component of the antibiotics
vancomycin and sporaviridin. Since L-vancosamine (26} is the 3f-C-methyl
derivative of ;-daunosamine (25), the stereoselective introduction of the methyl
group is an only extra process, compared with the daunosamine synthesis,
Treatment of the L-lyxonolactcne 31 with lithium diisopropylamide followed by the
addition of methyl iodide afforded an epimeric mixture of the C-methylated
lactones 36a and 36b in a ratio of 96:4.23 Obviously, the methylation
preferentially occurs from the less hindered side of the molecule. Conversion of
36 to a vancosamine derivative analogously proceeded as in the L-daunosamine
synthesis. Reduction of the epimeric mixture of 36 with diisobutylaluminum
hydride afforded the pure lactol 37 after chromatographic separation. The Wittig
extension of the Cy-unit was carried out with methoxymethylenetriphenylphosphorane
to give the enol ether 38, The enol ether 38 was unexpectedly labile and failed
to glve the vancosamine skeleton under various acidic conditions. Finally, we
found that aguecus hydrofluoric acid-methanol was suitable to cyclize 38. L-
Vancosamine (26) was thus isolated as a separable anomeric mixture of its N,0-

diacetyl methyl glycosides 26a and 26b.

1} i-ProNLi O Bu! ZAIH
HBC' ‘{J:O 2) CH:31 ¥ H3C|u\~ Fg) n CHZC[Z H3Cl|{ r_:/\CH
HO NHBoc in THF HO" ;:q, HO‘ NH803c
31 69% 3 6 a :R=CH3, R"=BocNH 71% 37

b zR=BocNH, R'=CH3

HC

OH |
P hBPCHOCHs H3cu.<_fr"OCH3 1) HF-CHaOH - 0 LR
in glyme Y{=CH;  2)A0Pyridine 7"\ /"R
o HO" NHBoc Acﬂ CHy
38 26 a :RCH30, R"=H

b :R=H, R'=CH30

8. D-Ristosamine
D-Ristosamine (27), the enantiomer of the carbohydrate component of the antibiotic

ristomycin, only differs from L-daunosamine (25) at the configuration of the 5-

— 1045 —



methyl group. If the methyl group of the L-lyxonolactone 31 can be inverted, the
resulting D-ribonolactone can be easily converted to D-ristosamine analogously as
the conversion of 31 to 25, Our first attempt in the inversion of the methyl
group was hydrolytic ring-opening of the L-lyxonolactone or its derivatives,
followed by the Mitsunobu reaction, However, alkaline treatment of the
methoxymethyl derivative 39 unexpectedly yielded the elimination product 40. On

the other hand, the corresponding tert-butyldimethylsilyl derivative 41 furnished

O CH30CH2C1 O OH_
H3Clu-L7=O —I_-Ia;'zNT) H3C""£_7=O —_——y H3C “'&O

HO® “NHBoc inCHyClz CH30CHpOY  “NHBoc - NHBoc
31 682 39 40
TBOMSCI
Imidazole 1) KOz ,18-Crown-6, THF~-MeOH-H20
DMF 2) HCl
97%
Iﬂ—cozEt
O OH N-CO,Et ,Ph3P
Ssiot v I, THF
+Si0° NHBoc RO “NHBoc
41 42a
b

0 BulpAlH Ph3PCHOCH
H=C 0 Y2 , H OH 3 3,
3 —(—7:: CH,Cly 3C glyme - toluene

RO® “NHBoc ROY  “NHBoc
43 a :54% 442 :82%
b:- b:71% {(from 31)
o) H3
H  0OCHs 1)HCI-MeOH
H3C 3 , sy
SN 2) Acy0, Pyridine €O ‘OCH3
RO® ™NHBoc AcN
45 a:51% H
b:48% 57a :61% (from 45a)
+48% (from 45b)
a:R = TBDMS
b:R=H

— 1046 —



HETEROCYCLES, Vol 27, No, 4, 1988

the ring-opened hydroxycarboxylic acid 42a by alkaline hydrolysis followed by
neutralization. The Mitsunobu reaction of 42a afforded the D-ribonolacteone 43a.
Successive treatment of 43a with diisobutylaluminum hydride, methoxymethylene-
triphenylphosphorane, hydrochloric acid in methanol, and acetic anhydride gave D-
ristosamine as its N,0-diacetyl methyl glycoside 27a via 44a and 45a.

Since the inversion of the methyl group in the above route was not effective, we
further investigated a more efficient route without protection of the C-3 hydroxyl
function of 31. Hydrolysis of 31 was achieved with potassium superoxide in the
presence of 18-crown-6. After acidification to pH 4, the crude product 42b was
subjected to the Mitsunobu reaction to give a mixture of D-ribonolactone 43b and
diethyl hydrazinedicarboxylate., Reduction of this mixture with diiscbutylaluminum
hydride afforded the pure D-ribonolactol 44b. Sequential Wittig reactien, acid

treatment, and acetylation gave the D-ristosamine derivative 27a via 45b.

9. Mugineic Acid
Mugineic acid (46) is a typical phytosiderophore, which promotes uptake and

25

transport of iron, excreted from roots of barley. The first synthesis of

mugineic acid?® was achieved from two building blocks.

CO:H  coH  COqH
2 ,
wo H

Mugineic Acid 46

Synthesis of the right-half fragment 47 started from the known y-lactone 4827

obtained from L-malic acid in 4 steps. Alkaline hydrolysis of 48 followed by
esterification afforded the benzyl ester 49, which was oxidized with sulfur

trioxide pyridine complex-dimethyl sulfoxide to give the aldehyde 47.

o 1) KOH in ag. DMF CO2Bzl DMSO, Py-SOg CO,Bzl
2) PhCH,Br, KHCO3 () A\ogg Ft3N in CHCL; OHC OBzl
0/ 0Bzl 18-Crown-6 83%
in ag. DMF 84%
48 49 47
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The left-half fragment of 46 was constructed from (S)-azetidine-2-carboxylic acid
{50). Esterification of 50 with benzyl alcohol, followed by alkylaticon with tert-
butyl bromoacetate afforded the diester 51, which was subjected to acid treatment
to give the amino acid 52. Direct C-acylation of benzyl isocyancacetate with the
amino acid 52 smocthly proceeded by use of DPPA and potassium carbonate sesgui-
hydrate to give the oxazole 53. Conversion of the oxazole function to the B-
hydroxy-a-amino acid was achieved analogously to our prumycin synthesis (section
4). Cleavage of the oxazole nucleus of 53 was easily accomplished with methane-
sulfonic acid to give the methanesulfonate of the a-amino ketone 54. Ethanclic
solution of the érude 54 was adjusted to pH 2, and treated with sodium borohydride
te give a diastereoisomeric mixture of the amino alcohols. Chromatographic

separation of the products was carried out as their Boc derivatives 55 to give two

fragtions., The major fraction was further separated as its tert-butyldimethyl-
CO.4 ') PhCH,OH, p-TsOH CO:Bzl CF 40,1 CO:Bzl
in benzene 2 -
NH . N-"SCosBut > N-">Co.H
2) BrCHZOOZBu
i-Pr,NEL
50 in THF-benzene 51 52
B83%
CNCH,C0,Bzl CO.Bz| CO:Bzl .8y
(C6H50,2P(0)N3 CH3SO3H
> N CO2Bzi > N NHz 2CH3503H
K5C03-1.5H,0 H:N ag. PhCH,0H o)
in DMF
80% 53 54
1} NaOH in ag. EtOH (pH 2) CO2Bzl
CO2Bzl
2) NaBH, in EtOH TBDMSC1l, imidazole
3) (Boc),0 in cHCl, - N NHBoc in DMF i
HO 54%
63% 55
CO:2Bz| C0O2Bz! C0O-Bzl
CO2BzI CF4505SiMe, COzBz| oM oz 47
N NHBoc > NH; >
+\Si0 in CH,Cl, +\Si0 NaBH4CN, CF3COH
14 5 6 < 5 7 i-PTOH-THF {(pH ~5) 75%
£0O2Bz CO:Bz! CO:Bzi 1) CH3S03H, anisole §o COH COH
XN 0-NOBzl 2) powex 50Wx4 " N H OH
+5i0 s HO
58 46
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silyl derivatives 56 and its isomer in a ratio of 2:1. Selective deprotection of
the Boc group of the major isomer 56 with trimethylsilyl trifluoromethanesulfonate
gave the left-half fragment.57. Coupling of the right (47) and left (57)
fragments was achieved with sodium cyanoborohydride to give the fully protected
mugineic acid 58, which was converted to mugineic acid (46) with methanesulfonic
acid. Thus, mugineic acid was synthesized from (S)-azetidine-2-carboxylic acid

(50) in 11 steps with an overall yield of 8,4%.

10. Conclusion

In summary, 4-alkoxycarbonyl-5-substituted oxazoles are quite a useful synthon of
B-hydroxy-a-amino acids, Construction and cleavage of the oxazole nucleus will be
conveniently accomplished by use of organophosphorus reagents, especially DPPA,
and acids, respectively. Stereoselective reduction of the cleavage products
gives B-hydroxy-oa-amino acids, which will become versatile starting materials for
a variety of natural products. The strategies cutlined here have considerable

synthetic applicability, but much more remains to be done!
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