COMMUNICATION

www.rsc.org/chemcomm | ChemComm

The total synthesis of siphonazole, a structurally unusual bis-oxazole

natural productt
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The first synthesis of the unusual bis-oxazole natural product
siphonazole is reported, both oxazole rings being constructed
using rhodium carbene chemistry.

Naturally occurring oxazoles, once considered a rarity, have
assumed increasing importance over the last two decades. This
interest has been fuelled by the isolation of a number of
structurally complex and synthetically challenging oxazoles, mainly
from marine sources.' In addition to a number of complex
molecules containing a single oxazole, many of these natural
products contain two or more oxazole rings that are either directly
linked (2.4'-bis-oxazoles) or separated by at least three atoms.”
Thus, for example, directly linked bis-oxazoles occur in diazona-
mide A and the hennoxazoles,” tris-oxazoles in ulapualide A® and
in YM-216391,° whilst telomestatin contains a remarkable array of
seven 2,4'-linked oxazoles.” Bis-oxazoles in which the 2,4'-link is
part of a peptide chain (-(CHRNHCO-) occur in, for example,
leucamide A,® whilst polyene units link the two oxazole rings in the
disorazoles.’

Bis-oxazoles that are linked by just one or two carbon
atoms are very unusual as natural products. The bengazoles
are unique with the two oxazoles being linked (2,5") by single
carbon.'® Very recently Konig and co-workers have reported
another example of this extremely rare class of natural bis-
oxazoles, in which the two oxazole rings are linked by two
carbons.!! Siphonazole 1 was isolated, along with its
O-methyl derivative 2, from the genus Herpetosiphon and
its structure assigned on the basis of detailed NMR
studies.!' As well as the unusual C, link between the two
oxazoles, siphonazole contains an unprecedented N-penta-
2,4-dienyl amide side chain, as well as a cinnamic residue,
also rare in bacterial natural products. We now report the
first synthesis of this new structural class of natural
products.

Our synthetic strategy involved the preparation of both
oxazole rings using rhodium carbenes, reactive intermediates
formed upon treatment of diazocarbonyl compounds
with catalytic amounts of dirhodium(il) carboxylates,'?
followed by followed by installation of the pentdienylamino
side-chain. The synthesis started with the known
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3-hydroxy-4-methoxycinnamamide 2'® which was protected
as its tert-butyldimethylsilyl ether 3. Dirhodium tetraacetate
catalysed reaction with methyl 2-diazo-3-oxobutanoate
resulted in chemoselective N-H insertion of the metal
carbene into the amide N-H bond in high yield to give the
ketoamide 4. No products formed by competing cyclopropa-
nation of the double bond were observed, illustrating the
selective nature of the carbene N-H insertion process.
Cyclodehydration of the ketoamide 4 using Ph;yP/I/Et;N'*
gave the oxazole 5 (Scheme 1). Although in principle, the
oxazole ester 5 could function in an acylation reaction of an
appropriate nucleophile, given the presence of an ester in the
coupling partner 7, we elected to convert it into the
corresponding aldehyde 6 in preparation for coupling to a
zinc derivative of the second oxazole ring. The second
oxazole 7 was also prepared from methyl 2-diazo-3-oxobu-
tanoate in a single step by dirhodium tetraacetate catalysed
reaction with iodoacetonitrile.!> The key coupling reaction
was effected by formation of the zinc reagent from the
iodomethyloxazole 7 using activated zinc,'® followed by
reaction with the aldehyde 6 in the presence of boron
trifluoride etherate.'” Oxidation of the resulting secondary
alcohol with the Dess—Martin periodinane gave the bis-
oxazole 8. Finally, hydrolysis of the ester with barium
hydroxide, coupling to 2,4-pentadienylamine'® using PyBOP
(benzotriazol-1-yloxy-tris(pyrrolidino)phosphonium  hexa-
fluorophosphate) and Hiinig’s base, followed by removal of
the silicon protecting group gave siphonazole 1. The 'H and
3C NMR spectroscopic data of our synthetic siphonazole
were identical to those reported for the natural product,'!
and the material proved identical to an authentic sample by
HPLC and NMR spectroscopy.

The first synthesis of siphonazole not only illustrates the
versatility of rhodium carbene chemistry but also confirms
unambiguously the structure of this unusual natural
product.

We thank Markus Nett and Professor Gabriele Konig for a
sample of natural siphonazole.

1508 | Chem. Commun., 2007, 1508-1509

This journal is © The Royal Society of Chemistry 2007



O. Me
O j:
COsMe

~ NH, Nz N
Rhy(OAc),
MeQO CH,Cl, MeO
OR (90%) oTBS
4

2 R=H t+-BuMe,SiCl
imidazole
3 R=TBS DMF (70%)

ICH,CN

Oy Me Rhy(OAC),, CHoCly
i (48%)
N CO,Me

2

Me

Me

(0] Me o
A\
PhaP, I _ /) COMe
H CO,Me EtgN, CH,Cl, X
&1%) MeO
oTBS
5
i. DIBAL, CH,Cl,
(93%)
ii. Dess-Martin, CH,Cl,
(92%)
Me
" N —cho
e ~
| o] ‘ N N
i\N OMe
MeO
O oTBS
7 6

i. Zn, Me3SiCl, dibromoethane
BF3*Et,O, THF (53%)
ii. Dess-Martin, CH,Cl, (76%)

o)
o
N o)
S N . N
N R i,
MeO 0
OH

i. Ba(OH),, aq THF Me
ii. HoNCsH7, PyBOP o o
ProNE, CHoCly N o Me
(66% 2 steps) =N
N 3 OMe
HF, EtsN, THF N
(55%) MeO o
oTBS
8

1 siphonazole

Scheme 1

Notes and references

1 For reviews, see: J. R. Lewis, Nat. Prod Rep., 2001, 18, 95; Z. Jin,
Z. G. Li and R. Q. Huang, Nat. Prod. Rep., 2002, 19, 454; J. R. Lewis,
Nat. Prod. Rep., 2002, 19, 223; Z. Jin, Nat. Prod. Rep., 2003, 20, 584;
V. S. C. Yeh, Tetrahedron, 2004, 60, 11995; Z. Jin, Nat. Prod. Rep.,
2005, 22, 196; Z. Jin, Nat. Prod. Rep., 2006, 23, 464.

2 E. Riego, D. Hernandez, F. Albericio and M. Alvarez, Synthesis, 2005,

1907.

Isolation: N. Lindquist, W. Fenical, G. D. V. Duyne and J. Clardy,

J. Am. Chem. Soc., 1991, 113, 2303; syntheses:K. C. Nicolaou, M. Bella,

D. Y. K. Chen, X. H. Huang, T. T. Ling and S. A. Snyder, Angew.

Chem., Int. Ed., 2002, 41, 3495; K. C. Nicolaou, P. B. Rao, J. L. Hao,

M. V. Reddy, G. Rassias, X. H. Huang, D. Y. K. Chen and

S. A. Snyder, Angew. Chem., Int. Ed., 2003, 42, 1753; A. W. G. Burgett,

Q. Y. Li, Q. Wei and P. G. Harran, Angew. Chem., Int. Ed., 2003, 42,

4961.

4 Isolation: T. Ichiba, W. Y. Yoshida, P. J. Scheuer, I. Higa and

D. G. Gravalos, J. Am. Chem. Soc., 1991, 113, 3173; syntheses: P. Wipf

and S. Lim, J Am. Chem. Soc., 1995, 117, 558; D. R. Williams,

D. A. Brooks and M. A. Berliner, J. 4m. Chem. Soc., 1999, 121, 4924;

F. Yokokawa, T. Asano and T. Shioiri, Tetrahedron, 2001, 57, 6311.

Isolation: J. A. Roesener and P. J. Scheuer, J. Am. Chem. Soc., 1986,

108, 846; synthesis: S. K. Chattopadhyay and G. Pattenden, J. Chem.

Soc., Perkin Trans. 1, 2000, 2429.

6 Isolation: K. Y. Sohda, K. Nagai, T. Yamori, K. I. Suzuki and
A. Tanaka, J. Antibiot., 2005, 58, 27; synthesis: J. Deeley and
G. Pattenden, Chem. Commun., 2005, 797.

7 Isolation: K. Shin-ya, K. Wierzba, K. Matsuo, T. Ohtani, Y. Yamada,
K. Furihata, Y. Hayakawa and H. Seto, J. Am. Chem. Soc., 2001, 123,
1262; synthesis: T. Doi, M. Yoshida, K. Shin-ya and T. Takahashi, Org.
Lett., 2006, 8, 4165.

w2

wn

8 Isolation: S. Kehraus, G. M. Konig, A. D. Wright and G. Woerheide,
J. Org. Chem., 2002, 67, 4989; synthesis: W. L. Wang and F. J. Nan,
J. Org. Chem., 2002, 68, 1636.

9 Isolation: R. Jansen, H. Irschik, H. Reichenbach, V. Wray and G. Hofle,
Liebigs Ann. Chem., 1994, 759; synthesis: P. Wipf and T. H. Graham,
J. Am. Chem. Soc., 2004, 126, 15346.

10 Isolation: J. Rodriguez, R. M. Nieto and P. Crews, J. Nat. Prod., 1993,
56, 2034; syntheses: R. J. Mulder, C. M. Shafer and T. F. Molinski,
J. Org. Chem., 1999, 64, 4995; J. A. Bull, E. P. Balskus, R. A. J. Horan,
M. Langner and S. V. Ley, Angew. Chem., Int. Ed., 20006, 45, 6714.

11 M. Nett, O. Erol, S. Kehraus, M. Kock, A. Krick, E. Eguereva, E. Neu
and G. M. Konig, Angew. Chem., Int. Ed., 2006, 45, 3863.

12 K. J. Doyle and C. J. Moody, Tetrahedron, 1994, 50, 3761; C. J. Moody
and K. J. Doyle, Prog. Heterocycl. Chem., 1997, 9, 1; M. C. Bagley,
R. T. Buck, S. L. Hind and C. J. Moody, J. Chem. Soc., Perkin Trans. 1,
1998, 591; J. R. Davies, P. D. Kane and C. J. Moody, Tetrahedron,
2004, 60, 3967; J. R. Davies, P. D. Kane, C. J. Moody and A. M. Z.
Slawin, J. Org. Chem., 2005, 70, 5840; J. R. Davies, P. D. Kane and
C. J. Moody, J. Org. Chem., 2005, 70, 7305.

13 Z. Kolodynska and W. Wieniawski, Diss.. Pharmaceut. Pharmacol.,
1967, 19, 277.

14 P. Wipf and C. P. Miller, J. Org. Chem., 1993, 58, 3604.

15 The use of bromoacetonitrile has been previously reported:
A. R. Gangloff, B. Akermark and P. Helquist, J. Org. Chem., 1992,
57, 4797. The authors also reported the formation of a zinc reagent from
the 2-bromomethyloxazole, although in our case, the use of the iodide
was essential.

16 P. Knochel, M. C. P. Yeh, S. C. Berk and J. Talbert, J. Org. Chem.,
1988, 53, 2390.

17 M. C. P. Yeh, P. Knochel and L. E. Santa, Tetrahedron Lett., 1988, 29,
3887.

18 P. A. Grieco, P. Galatsis and R. F. Spohn, Tetrahedron, 1986, 42, 2847.

This journal is © The Royal Society of Chemistry 2007

Chem. Commun., 2007, 1508-1509 | 1509



