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A consise route to the core fragment of sperabillins B and D,
methyl (3R,5R,6R)-3,6-diamino-5-hydroxyheptanoate, has
been developed with a subsequent novel protection strategy
allowing the total asymmetric synthesis of sperabillins B and
D.

The sperabillin family of antibiotics 1–4, isolated from the
culture filtrates of Pseudomonas fluoresens YK-437,1 are active
in vitro and in vivo against Gram-positive and Gram-negative
bacteria including antibiotic resisitant strains.2 Notably, their in
vivo potencies are greater than expected from their in vitro
activities. Sperabillin polymers have also been shown to have
antitumour activity.3 The structures of the sperabillins 1–4,
including the absolute configurations, were elucidiated by the
degradation studies of Hida et al.4 and by the total enantiospe-
cific synthesis of sperabillin D 4 by Natsugari et al.5
Sperabillins A 1 and C 3 have the same core amino acid as the
potent antibiotic negamycin,6 whilst sperabillins B 2 and D 4
(which are more active than A 1 and C 3 respectively)2 bear an
additional C-6 methyl substituent and consequently an addi-
tional stereogenic centre. We have previously reported the
asymmetric synthesis of the highly functionalised (3R,5R,6R)-
3,6-diamino-5-hydroxyheptanoic acid 5,7 the common core
fragment of sperabillins B 2 and D 4 (Fig. 1). Herein we
describe an improved synthesis of the core fragment and its
conversion via a novel protection strategy to both sperabillins B
2 and D 4.

Analogously to our previous work,7 a strategy of ster-
eoselectively introducing the C-3 amino group by lithium amide
conjugate addition to a a,b,d,e-unsaturated acceptor, followed
by installation of the other stereogenic centres via an iodocarba-
mation, was envisaged. A more efficient acceptor synthesis than
that previously employed was necessary for a viable synthesis.
Thus, the palladium catalysed co-dimerisation of butadiene and
methyl acrylate8 was optimised to give methyl (2E,5E)-hepta-
2,5-dienoate 6 in very good yield, with only a small amount
(8%) of Diels–Alder product being generated (Scheme 1).

Conjugate addition of lithium (R)-N-allyl-N-a-methylbenzyla-
mide9 to 6 generated the b-amino acid derivative 7 as a single
diastereomer ( > 96% de).10 Replacement of the allyl protecting
group with benzyloxycarbonyl gave alkene 8, and subsequent
iodocarbamation generated oxazin-2-one 9 in 84% de, which
was improved to > 98% de on recrystallisation. Azide displace-
ment of the iodide with inversion of configuration followed by
reduction installed the C-6 amino group. Global deprotection
using concentrated aqueous acid gave, after re-esterification,
the methyl ester of the core fragment 10 in 19.3% overall yield
on a multigram scale.

In order to achieve selective amide formation on the C-6
amine group a simple protection strategy was envisaged.
Treatment of the methyl ester 10 with acetone under dehy-
drative conditions was anticipated to generate the correspond-
ing bis-imine which would be expected to cyclise exclusively to
the cis-1,2 disubstituted 5-ring oxazolidine 11 rather than the
alternative trans-1,3-disubstituted oxazinane. Consistent with
this notion, sequential treatment of 10 with acetone/molecular
sieves and sorbyl chloride/Hunig’s base gave, after chromatog-
raphy, the desired C-6 amine coupled derivative 12 (Scheme 2).
N-Boc protection of the C-3 amine of 12 followed by ester
hydroylsis under basic conditions gave the fully protected free
acid 13. Finally the amidine bearing side chain was introduced
by coupling with 3-aminopropionamidine11 using DCC and

† Electronic supplementary information (ESI) available: experimental
details. See http://www.rsc.org/suppdata/cc/b3/b305740b/

Fig. 1

Scheme 1 Reagents and conditions: (i) Pd2(dba)3 (1.55 mmol, 0.2 mol%),
HBF4 etherate (6.20 mmol), PBu3 (3.10 mmol), 80 °C, neat, sealed tube, 5
h; (ii) lithium (R)-N-allyl-N-a-methylbenzylamide (184 mmol, 1.3 eq),
THF (400 mL), 278 °C, 2 h; (iii) Wilkinson’s catalyst (3.14 mmol, 5
mol%), MeCN/H2O (4 : 1, 500 mL), reflux, 2 h; (iv) Cbz2O (214 mmol, 2
eq), vacuum, neat, 4 days; (v) I2 (21.2 mmol, 5 eq), DCM (50 mL), 0 °C, 5
h; (vi) (a) NaN3 (37.7 mmol, 5 eq), DMF/H2O (25 : 1, 62.5 mL), 110 °C, 5
h; (b) H2 (1 atm), Pd/C (0.094 mmol, 0.1 mol%), MeOH (60 mL), 18 h; (vii)
(a) 5 M HCl (50 mL, excess), 100 °C, 24 h; (b) MeOH (50 mL), SOCl2 (21.4
mmol, 4.5 eq), reflux, 18 h.
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HOBt. The purity of the highly polar amidine product was
ensured by work-up with MP-carbonate scavenger resin.12

Acidic global deprotection afforded sperabillin D 4,13 whose

spectroscopic data were entirely consistent with the natural
product, in 56% overall yield from 10.

This straightforward procedure for the selective sequential C-
6 NH2 and C-1 CO2H amide formation should be applicable to
the rapid generation of libraries of analogues of sperabillins D
4 and B 2 and hence allow construction of detailed structure–
activity relationships, as evidenced by its application to the first
asymmetric synthesis of sperabillin B 214 (Scheme 3), whose
spectroscopic data were entirely consistent with those of the
natural product.

In conclusion, a concise route to the core b,e-diamino-g-
hydroxy fragment 10 has been developed (in 19.3% yield from
methyl acrylate) and a novel protection strategy utilised to
complete the syntheses of the highly functionalised antibiotics
sperabillins B 2 and D 4. The first asymmetric total synthesis of
sperabillin B 2 was achieved in 5.8% overall yield from methyl
acrylate (30% from 10). An efficient total synthesis of
sperabillin D 4 has been achieved in 10.8% overall yield (56%
from 10).
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15 (2E,4Z)-Hexadienyl chloride was synthesised as > 95 : 5 (2E,4Z) :
(2E,4E) via Heck type coupling of tert-butyl acrylate and (Z)-1-bromo-
1-propene.

Scheme 2 Reagents and conditions: (i) acetone (15 mL), 3 Å molecular
sieves, Hunig’s base (1.52 mmol, 2 eq), reflux, 1 h then sorbyl chloride
(0.863 mmol), Hunig’s base (0.863 mmol), 0 °C to room temperature, 18 h;
(ii) Boc2O (0.74 mmol, 1.5 eq), NaHCO3 (1.47 mmol), MeOH (15 mL), 72
h; (iii) NaOH (aq) (1.65 mmol, 4 eq), THF/MeOH (2 : 1, 15 mL), 18 h; (iv)
DCC (0.08 mmol, 1.35 eq), HOBt (0.071 mmol), THF (2 mL), 3 Å
molecular sieves, 3 h, then 3-aminopropionamidine dihydrobromide (0.059
mmol), NaHCO3 (0.12 mmol), THF/H2O (10 : 1, 20 mL), 48 h; (v) TFA (1
mL, excess), DCM (1 mL), 30 min then Amberlite IRA-402 (Cl2 form).

Scheme 3 Reagents and conditions: (i) acetone (15 mL), 3 Å molecular
sieves, Hunig’s base (1.70 mmol, 2 eq), reflux, 1 h then (2E,4Z)-
hexadienoyl chloride15 (0.933 mmol), Hunig’s base (0.933 mmol), 0 °C to
room temperature, 18 h; (ii) Boc2O (0.681 mmol, 1.5 eq), NaHCO3 (1.36
mmol), MeOH (15 mL), 72 h; (iii) NaOH (aq) (0.509 mmol, 4 eq), THF/
MeOH (2 : 1, 4.5 mL), 5 h; (iv) DCC (0.115 mmol, 1.35 eq), HOBt (0.102
mmol), THF (2 mL), 3 Å molecular sieves, 3 h then 3-aminopropionamidine
dihydrobromide (0.085 mmol), NaHCO3 (0.170 mmol), THF/H2O (10 : 1,
20 mL), 48 h; (v) TFA (1 mL, excess), DCM (3 mL), 30 min then
preparative reverse-phase HPLC then Amberlite IRA-402 (Cl2 form).
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