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Abstract: The first total synthesis of sperabillin A and an improvec ?H Yz 9 ?H Wiz 9 'Y'e Q
total synthesis of sperabillin C have been achieved in 11 steps fr¢HzN \/\/'\)l\OH H2N\/\/k/lkN/N\)kOH
N-Boc-O-methyl+i-tyrosine. The stereoselective pathway to the _ H

1 negamycin (2)

core (R5R)-3,6-diamino-5-hydroxyhexanoic acid involves an
Arndt-Eistert homologation, an asymmetric Henry reaction and
ruthenium tetroxide-catalyzed oxidative degradation of a benzei

H o3
ring as key steps. RMNW/\/'\/LN/\)kNHZ
Key words: sperabillins, antibiotics, pseudo-peptides, Henry reac R2 o =r! H

tion, ruthenium tetroxide

OH NH; O NH

sperabillin A (3a): R'=H R?=Me R3=H

sperabillin B (3b): R'=Me R2=Me R3=H

sperabillin C (3c): R'=H R2=H R3®=Me
(3R5R)-3,6-Diamino-5-hydroxyhexanoic ~ acid 1,( sperabillin D (3d): R'=Me R?=H R®=Me
Figure 1) is the core fragment of the pseudo-peptide angyre 1
biotics negamycing) and sperabillin A and (3 and3c,
respectively). Negamycir), isolated in 1970 from cul-
ture filtrates of strains closely relatedXoeptomycespur-  carboxylic acid, and subsequent reduction of the nitro
peofuscus by Umezawa et al., shows potent growthgroup.

inhibitory activity against Gram-negative bactériBy a|dehyde 6 was readily obtained from commercially
contrast sperabillin A3g), the main member of the sper-5, 4ilable N-Boc-O-methyl+-tyrosine ¥) in two steps

abillin family of antibiotics, which was isolated in 1986(Scheme 2). Arndt—Eistert homologation of th@mino
from the culture broth oPseudomonas fluorescens YK- - 3iq 7 following a standard protocohfforded g-amino

437 by researchers at Takeda Chemical Industries LtasterS {[a]p23—9.3 £ 0.8 in CHCL,): lit.” (R)-8: [a] +9.2

exerts promising in vitro and in vivo antibacterial activity(C 1.2 in CHC,)}, which subsequently was reduced with
especially against Gram-positive pathogens, includinggal -H (toluene, —85 °C) to gives in 73% overall

multiresistant strains oftaphylococcus aureus.? While  yielq previous studies conducted in this and other labora-
there are numerous reportsiie literature conceming the i rjes have indicated that it is difficult to achieve control
synthesis of negamycii2y, both in racemic and optically ot stereochemistry for Henry reactions of nitromethane
active form? little attention has been given to the synthegith chiral aldehydes liké bearing the inducing stereo-
sis of sperabillin A%a) and C gc) incorporating the same genic center in th@-position® Therefore we envisioned
corep,e-diamino acid. Only one total synthesis of Spergne appication of a chiral catalyst, namely Evans’ bis(ox-
billin C (30; 15 steps starting fromN-Boc-glycine, 2.5% azoline) copper(ll) acetate-based catalystl(j-to con-
overall yield) has been reported to date. trol the configuration of the newly created stereogenic
In this communication, we describe the first total synthe&enter at C-5¢ Indeed, Henry reaction of nitromethane
sis of sperabillin A3a) as well as an improved total syn-with aldehyde6 in the presence of 5 mol% of ()
thesis of sperabillin C3€). Our approach toward these

antibiotics and analogues with modified fragments at-

tached to the N and C-terminal regions is based on th¢ tepmso BocNH 0 HO BocNH OMe
orthogonally protectefl,c-diamino acid4. As outlined in HZNMOH — OzN\/?\/k/@

Scheme 1 building block was envisioned to be readily

accessible fronN-Boc-.-tyrosine derived aldehydg by 4 5

two key transformations: (a) stereoselective Henry rea

tion to givep-nitro alcohol5 and (b) oxidative degrada- OMe

tion of the phenyl ring, which serves as a maske T _
l:> H |:> L-tyrosine
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pared in four steps, starting with a Sonogashira coupling

OMe OM
Poe) a,b w ° of (2)-1-bromoprop-l-ene and propargylic alcohol
o ™ weo [(PhPLPACL (0.25 mol%), Cul (15 mol%), BR, n-
o 7 8 PrNH,, EtO, A) to give @)-hex-4-en-2-yn-1-0132)*¢ in
69% yield Z:E > 99:1; Scheme 3Y.This product was ste-

o BooNH OMe reoselectively reduced with LIAIHTHF, A)*® providing
. )K/k/@ d (2E,42)-hexa-2,4-dien-1-0l 18) in 94% yield
- H [(2E,42):(2Z,4Z) > 99:1]. Oxidation ofl3 was then ac-
6 complished by a one-pot, two-step procedure. First, the al-
lylic alcohol 13 was oxidized with manganese dioxide
RO BooH OMe TBDMSO BocNH  © (pentane, r.t.) to give the correspo.n'ding aldghyde,. which
on f on. i was further oxidized by the addition of silver nitrate

on (KOH, EtOH-HO, r.t.) to afford diastereoisomerically
GDS R=H 10 pure (E.,4Z)-2,4-hexadieni'c ac.idlél) in 77% overall

9 R=TBDMS yield. Finally, the carboxylic acid4 was converted into
the corresponding pentafluorophenyl estér(C;F;OH,
TBOMSQ Boo\H O EDC, CHClI,, r.t.) in 94% vyield.

o
OH S Cu
AcO”  TOAc /
4 (-1 A = 2 \
O

OH

Scheme 2 Reagents and conditions: (a) i) isobutyl chloroformiz,

NMM, DME, —20 °C; ii) CHN,, =20 °C to r.t.; (b) silver benzte® o
Et;N, MeOH, r.t. (86%, two steps); (c) DIBAL-H, toluene, —&5 ° b W c

(85%); (d) MeNQ, (+)-11 (5 mol%), EtOH, r.t. (83%); (e) T8 ’ NN TN
DMSCI, imidazole, DMF, r.t. (82%); (f) RuO(5 mol%), NalQ, 13 14
NaHCO,, EtOAc—H0, r.t. (67%); (g) HCGNH,, Pd/C, MeOH, .

(90%)

O
d
(EtOH, r.t., 3 d) afforded the desirgdnitro alcohol5 woce%
with both high diastereoselectivity (95% Heand yield 15

(83%). Scheme3 Reagentsand conditions: (a) (PhP),PdCL, Cul, PhP,n-
After protecting the secondary alcohol agedt-butyl- PrNH, EtO, A (69%); (b) LiAIH,, THF, A (94%); (c) (i) MnQ, pen-
dimethylsilyl (TBDMS) ether we turned our attention tgane. -t (i) AGQNG, KOH, E5O-H,0, r.t. (77%); (d) GFsOH, EDC,
the oxidative degradation of the 4-methoxyphenyl rin&HZC'Z' 0°C (94%)

Ruthenium tetroxide-catalyzed degradation of aromatic

rings to carboxylic acids has been repeatedly applied a S S

useful tool in the synthesis of amino acids and peptides MNH - BocHN/\/“\N/BOC .
However,N-acylamines bearing a primary alkyl goup a®**™ 16 ’ LM

the nitrogen were reported to undergo facile oxidation

thea-position to give the corresponding imidé#ccord-

ingly, the aromatic ring has to be cleaved prior to the ge NH NH,*CI-
eration of the C-6 amino group assuming that the niti /\)k _Boc —° - .

group would act as a ‘protective group’ for amines durin BocHN s N N o NF2

ruthenium tetroxide oxidations. Indeed ruthenium tetrox-
ide-catalyzed degradation®afforded the desirednitro  Scheme 4 Reagents and conditions: (a) (i) NaH (2.1 equiv),
carboxylic acidlO in good yield (67%). Best results were(Boc)0, THF, —78 °C to —40 °C (88%); (b) NHEtOH, 0 °C (99%);
obtained using catalytic amounts of ruthenium dioxide (&) HCl, EtO, 0 °C to r.t. (quant.)

mol%) and an excess of sodium metaperiodate (30 equiv)

in a two-phase system of ethyl acetate and water at ro@sAminopropionamidine, the fragment common to all
temperature according to Yoshifuji et'at® To avoid members of the sperabillin family of antibiotics and also
cleavage of the acid labile protecting groups due to pbart of a number of other antibiotics (e.g. distamycin A or
decrease during the oxidation sodium hydrogen carbonat@idinomycin), was prepared in three steps, starting from
was added? Finally, catalytic reduction of the nitro groupreadily available N-Boc-3-alanine thioamide 16,*°

with ammonium formate in the presence of Pd/C affordescheme 45° First, the thioamidé&6 was acylated with di-
the desired amino ac#t®in 90% yield. tert-butyl dicarbonate in the presence of 2.1 equivalents of
(2E,42)-Hexa-2,4-dienoic acidlé), representing the®N Sodium hydride (THF, —78 °C to —40 Yo afford N-

acyl residue of sperabillin A36) and B @b), was pre- Boc thioamidel7 in 88% vyield. Secondlyi7 was readily
converted into the correspondifNgBoc amidinel8 by
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treatment with NH in ethanol at 0 °C (99% yield). Re- In summary, the first total synthesis of the pseudopeptide
moval of thetert-butoxycarbonyl protecting groups with antibiotic sperabillin A 8a) as well as a markedly im-
2.0 M ethereal HCI then led to 3-aminopropionamidinproved total synthesis of sperabillin &) have been ac-
dihydrochloride 19) in quantitative yield. complished [11 steps froml-Boc-O-methyld-tyrosine

With the three building blockg, 15 and 19 in hand (7), 16% and 20% overall yield, respectively]. Our
sperabillin A 8a) was readily assembled in four step§°ONcise and inherently flexlble approa}ch seems to t_)(nT quite
(Scheme 5). First, the-amino group was acylated with attractive for the generation of I|brar|e§ of sperabillin A
pentafluorophenyl estet5 (ELN, DMF, r.t) to give and C analogues for biological evaluation.

amide20 in 71% yield. Subsequentl®Q was activated as

a pentafluorophenyl ester f&0OH, EDC, CHCI,, r.t.)  Acknowledgment

and then coupled with 3-aminopropionamidine dihydro- . .
chloride @9) (EtN, DMF, r.t.) to afford22 in 82% yield We are greatly indebted to Prof. Dr. Klaus T. Wanner for his ge-
(two steps). Finally, the acid-labile protecting group%leéggﬁdsrgpgg&|g?omzzlﬁlnfﬂ:f;é§?stt§n?eank Michael Felkel and
were removed by treatment with TFA (5%® r.t.) to af- '

ford, after anion exchange on Ambeffit&RA 402 Cl res-

in, sperabillin A dihydrochloride38)?2 in 92% vield. The References

spectroscopic data fdda were in full agreement with (1) Hamada, M.; Takeuchi, T.; Kondo, S.; Ikeda, Y.: Naganawa,

those reported for the natural prodefdn the end, spera- H.; Maeda, K.; Okami, Y.; Umezawa, Bl.Antibiot. 1970,
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Scheme 6 Reagents and conditions: (a) (Z&,4E)-hexa-2,4-dienoic ( . - ) )
acid pentafluoropheny! ester, 8t DMF, r.t. (83%); (b) GF-OH, A.; Meingassner, J. G.; Schulz, G.; Schaude].Nled.

EDC, CHCl,, r.t.; ()19, EtN, DMF, r.t. (87%, two steps); (d) TFA, Chem. 1994, 37, 1908. (b) Matsuura, F.; Hamada, Y.;
H,0 (5%), r.t. (94%) Shioiri, T. Tetrahedron 1994, 50, 9457. (c) Georgiadis, D.;

Matziari, M.; Vassiliou, S.; Dive, V.; Yiotakis, A.

TBDMSO BocNH O

Iz

Synlett 2005, No. 17, 2615-2618 © Thieme Stuttgart - New York

Downloaded by: Florida International University. Copyrighted material.



2618

L. Allmendinger et al.

LETTER

(12)

(13)

(14) In the absence of sodium hydrogen carbonate a somewhat

(15)

(16)

Tetrahedron 1999, 55, 14635. (d) Walker, J. R.; Curley, R.
W. Jr. Tetrahedron 2001, 57, 6695. (e) Moutevelis-
Minakakis, P.; Sinanoglou, C.; Loukas, V.; Kokotos, G.
Synthesis 2005, 933. (f) For a recent review covering the
oxidative degradation of benzene rings see: Mander, L. N.;
Williams, C. M.Tetrahedron 2003, 59, 1105.

(a) Yoshifuji, S.; Tanaka, K.; Nitta, Yzhem. Pharm. Bull.
1985, 33, 1749. (b) Tanaka, K.; Yoshifuji, S.; Nitta, Y.
Chem. Pharm. Bull. 1988, 36, 3125.

(a) In addition to produdD, its N-formy! derivative 3tert-
butoxycarbonylformylamino-%ert-butyldimethylsilyloxy-

(17) For an alternative stereoselective approachBE@iZ2-hexa-

2,4-dienoic acid14), see ref. 5b.

(18) Smith, A. B.; Pitram, S. M.; Boldi, A. M.; Gaunt, M. J.;
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(20) For aprevious synthesis of 3-aminopropionamidine, starting

from 3-aminopropionitril, see: Hilgetag, G.; Paul, H.;
Gunther, J.; Witt, MChem. Ber. 1964, 97, 704.

6-nitrohexanoic acid (5% yield) and trace amounts (<1%) of (21) Lee, H. K.; Ten, L. N.; Pak, C. Bull. Korean Chem. Soc.

4-tert-butoxycarbonylamino-2ert-butyldimethyl-
silyloxyhexanedioic acid, the latter indicating a Nef-type
reaction at the nitromethyl group, were obtained.
Application of the reaction conditions [2.2 mol% RuCl,
NalO, (18 equiv), CG-FMeCN-HO = 2:2:3, r.t.]

previously developed by Sharpless and co-workers (see ref.

13b) gave the oxidation produlfd in a 41% yield together
with 24% of theN-formyl derivative mentioned above.

(b) Carlsen, P. H. J.; Katsuki, T.; Martin, V. S.; Sharpless, K.
B. J. Org. Chem. 1981, 46, 3936.

lower yield (56%) of productO was obtained.
Spectroscopic data of compouhda],?° +20.8 € 0.95 in
CH,Cl,). *H NMR (500 MHz, MeOHg,): 5 = 0.13 (3 H, s),
0.15(3H,s),0.92(9H,s),1.43(9K)sL.78 (2H, m), 2.31
(1H,ddJ=14.9, 7.7 Hz), 2.39 (1 H, dd~=14.9, 4.7 Hz),
3.01 (1 H, ddJ=13.0, 4.1 Hz), 3.06 (1 H, dd~=13.0, 4.9
Hz), 3.85 (1 H, m), 4.18 (1 H, m), 4.09 (1 H, AfC NMR
(100 MHz, MeOHgd,): 8 =-5.0, 18.4, 25.9, 28.3, 40.0, 43.5,
45.2,45.38, 67.7, 79.6, 157.1, 178.6.

Rossi, R.; Carpita, A.; Quirici, M. G.; Gaudenti, M. L.
Tetrahedron 1982, 38, 631.
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Spectroscopic data of sperabillin3a)®: [a],?2-11.4 £0.4

in H,0), lit.*[],2~11 € 1.1 in HO).*H NMR (500 MHz,
D,0):6=1.77 (1 H, ddd) = 4.5, 10.0, 15.0 Hz), 1.87 (3 H,
d,J=7.2 Hz), 1.87 (1 H, m), 2.68 (2 HX= 6.6 Hz), 2.74

(2 H, m), 3.33 (1L H, dd] = 6.6, 14.0 Hz), 3.39 (1 H, dd,
J=4.5,14.0 Hz), 3.55 (1 H, di= 6.6, 14.0 Hz), 3.59 (1 H,
dt,J=6.7, 14.0 Hz), 3.86 (1 H, m), 4.00 (1 H, m), 6.02 (1L H,
dg,J=7.2,10.8 Hz), 6.07 (1 H, d,= 15.1 Hz), 6.23 (1 H,
t,J=10.8 Hz), 7.56 (1 H, ddl=11.8, 15.1 Hz)!3C NMR
(100 MHz, D0): 5 = 16.0, 35.3, 38.0, 39.2, 39.8, 47.8, 49.1,
69.1, 125.1, 129.6, 139.4, 139.5, 171.7,172.4, 174.7.

23) Spectroscopic data of sperabillin3g)¢<: [0] ;22 -10.2 € 0.4
p p p

in H,0), lit.[],2°~11 € 0.7 in HO).*H NMR (500 MHz,
D,0):5=1.75 (1 H, dddj = 4.7, 10.0, 15.0 Hz), 1.83 (3 H,
d,J=55Hz), 1.87 (1 H, ddd,= 3.1, 7.5, 15.0 Hz), 2.67 (2
H,t,J=6.7 Hz), 2.73 (2 H, d] = 7.0 Hz), 3.30 (1 H, dd,
J=6.5,14.0 Hz), 3.37 (L H, dd= 4.7, 14.0 Hz), 3.57 (2 H,
m), 3.85 (1 H, m), 3.98 (1 H, m), 5.97 (1 HJ&; 15.5 Hz),
6.26 (2 H, m), 7.13 (1 H, dd,= 9.7, 15.5 Hz)1*C NMR

(100 MHz, DO): 5 = 20.7, 35.3, 38.0, 39.2, 39.8, 47.8, 49.1,
69.1, 122.9, 132.0, 143.2, 145.4, 171.6, 172.5, 174.7.
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