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SYNTHESIS QF PIPERAZINOMYCIN, A NOVEL ANTIFUNGAL ANTIBIOTIC
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Department of Chemistry, Faculty of Science and Technology, Keio University,
Hiyoshi, Yokohama, Japan

Summary : Piperazinomycin, a novel antifugal antibiotic, has been synthesized from tetra-
bromotyrosyltyrosine, whose oxidation with thallium trinitrate (TTN) leads to the formation
of a strained 14-membered ring similar to that of piperazinomycin as a key step.

Piperazinomycin, a novel tyrosine-derived antibiotic, has been isolated as a minor
metabolite of Streptoverticillium olivoreticuli subsp. necenacticus! and its stereostructure
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has also been determined by means of an X-ray crystallographic analysis.¢ 1In connection
with our synthetic study on tyrosine-derived metaboHtes,3 we are interested in piperazino-

nycin which has a unique structure and shows inhibitory activity against fungi and yeasts,
particularly against Tr1chophxton.] Recent publication 4 of synthetic study on piperazino-
mycin and herquline prompted us to describe a total synthesis of (+)-piperazinomycin (1).
The known N-formyl-L-tyrosine methyl ester, DL]%O 25.8° (c 3.0, MeOH) (1it. +25.75°)§
was subjected to bromination [Br, (2 equiv.) - AcONa (2 equiv.) (0 °C, 35 min and then room
temp., 1 h)] to afford N-formyl-3,5-dibromotyrosine methyl ester gg),ﬁ in 88% yield, which

was further treated with 2M HC1 -~ MeOH (room temp., 25 min) to give 3,5-dibromotyrosine
methyl ester (3)6 as a hydrochloride, in quantitative yield. N-Formyl-3,5-dibromotyrosine
(8)6 was a]so‘zbtained from 2, in quantitative yield, on hydrolysis [1) 1M aqueous NaOH
(;bom temp., 20 min); 2) Amberlite IR-120 (H*) (room temp., 5 min)]. These two compounds
(3 and 4) so far obtained were connected to each other wusing DCC (1.2 equiv.) - EtgN (1.0
éguiv.)"l N-hydroxysuccinimide (1.0 equiv.) in DMF (0 °C - room temp., 22 h) to afford an
amide (5) 6 in 81% yield, which was hydrolyzed with 1.5M HC1 - MeOH (refluxing temp.,

75 m1n5 and then treated with 0.1M AcOH in 2-butanol containing N-methylmorphorine (1.0
equiv.) (refluxing temp., 2 h)7 to give rise to the corresponding desired diketopiperazine
(6),8 in 85% overall yield from 5.

~ As described in the previous paper,3’8 we developed a new method to synthesize the bi-
phenyl ethers by TTN oxidation of the corresponding o0,0'-dibromophenols followed by zinc
reduction, wherein the two ortho-positions should be occupied by two halogen atoms. As
expected from its reaction mechanism, our method is quite different from other ones leading
to the formation of biphenyl ethers. Particularly, it seems possible to synthesize such
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strained molecuies as piperazmomycin. and bouvardin.~

Thus, the diketopiperazine (6) in MeOH was subjected to oxidation [TTN (1.5 equiv.)
fn . A or 19 hY and +han addi+3anaTl TTN /N 7 annde Y In ©0 2 h\'l]o $n affFard an dn_
\V Ly 14 N and then additional TTN \Ve/ BQUIV. ) (VU Ly O T/ L0 aii7ova an In
separable mixture, which w irectly reduced with zinc powder in AcOH - THF (room temp.,

18 h) to give rise to three biphenyl ethers (7, 8, and 9)611 in 19, 5, and 112 yields,
r ' \/v’ A: ~I J £
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respectively. The desired biphenyl ether (7) must be formed on zinc reduction of a plausible
oxidation intermediate (10) 3,8 In the next step, this biphenyl ether (7) was subjected to
catalytic hydrogenation [H2 - 10% Pd - C - AcONa (3 equiv.) in MeOH (room temp., overnight)]
to afford the corresponding phenol (11) 6,12 which was treated with Acy0 in pyridine (room
temp., 7 h) to give rise to an acetoxyb1pheny1 ether (12) in 56% overall yield from 7,
Furthermore, the compound (12) was readily converted into a tribenzyl derivative (13)6 in
3 steps [1) PhCHoBr (5 equiv.) - NaH (3.5 equiv. ) in DMF (0 °C, 21 min, under argon); 2)
KoCO04 (1 equiv.) in MeOH (room temp., 23 min, under argon); 3) PhCHoBr (2.5 equiv,) - NaH
(2 equiv.) in DMF (0 °C, 22 min, under argon); 78% overall yield].13

Finally, piperazinomycin (1) was successfully synthesized from 13 in 2 steps, as follows.
The compound (13) so far obtained was successively treated with NaBHgq (9 equiv.) - BF3-0Etp
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(12 equiv.) in THF (refluxing temp., 17 h),4>12 2M aqueous HC1 (room temp., 30 min), and then
aqueous NaHCO3 (pH 8) (room temp., 20 min) to afford the corresponding piperazine (15)6 in
48% yield. This compound (li) was further subjected to catalytic hydrogenation [HZ - 10%

Pd - C in MeOH containing conc.HC1 (1 drop) (room temp., overnight)] to afford a reduction
product, in 75% yield, which was completely identical with natural piperazinomycin Ql) in

all respects of spectral data.! The optical rotation of the synthetic sample (BKJ%8 +24°

(c 0.29, MeOH), which has been proved to be quite sensitive to pH of the solution, is

roughly compatible with that of natural one (51]63 +31° (c 0.74, MeOH)).!

The authors wish to thank Professor Shoshiro Nakamura (Hiroshima University) for provid-
ing them an authentic sample of triacetylpiperazinomycin. This research has been supported
in part by grants from the Ministry of Education, Science and Culture as well as from the
Kawakami Memorial Foundation, to which grateful acknowledgment is made.
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