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Abstract

Th total synthesis of martefragin A, a potent inhibitor of lipid peroxidation isolated from sea aiga, has been

first t
\.Lu{“ lished and the absolute configurations of two stereoeenic centers were determined \vnthehr‘ martefrs x‘om
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A, its stereo isomers, and some analogs showed strong inhibitory activity against lipid peroxxddtmn using rat
liver microsome. © 1998 Elsevier Science Ltd. All rights reserved.
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Martefragin A (1) was isolated from a sea alga Martensia fragilis Harvey. collected at
Toyama Bay in Japan, by Saito and co-workers, and has been reported to be a strong
inhibitor of lipid peroxidation using rat liver microsome [1, 2]. Using NMR techniques, the
same group qhowed that the c;tructure of 1 is a 5-( 3' indolyl)oxazole skeleton with a 1"-

istry of 1 has not been esta.bhshed‘ Due to its strong activity (30 -fold more notent inhibitor
than a-tocopherol)! and considering its relatively simple structure, we became interested in
the mechanism of its inhibitory activity. Therefore, we started a synthetic study of 1 and
related ¢ ompounds We report here the determination of the absolute configuration of 1 by
the first enantioselectiv vith f 1, three other stereoisomers of ! and some analogs,

b4
o JERPTE N P l nbrierater
l()élbd (.lLI.IVH.y.

3
"
]
o]
]
)
,.

Since the configurations of the two stereogenic centers in the side chain of 1 had not been

determined, we planned to synthesize all four possible stereoisomers. We expected that the
characteristic 5-(3'-indolyl)oxazole skeieton of 1 could be constructed by the oxidative
cyclization of dipeptide 2 (Scheme 1) [3], which consists of protected tryptophan and an
amino acid; homoisoleucine 3. Although, the preparation of an isomer of homoisoleucine in
an optically active form, by enzymatic hydrolysis of 4 using o.-chymotrypsin, has been
reported previously [4], an asymmetric synthesis of 3 was used because of the need for all
four stereoisomers of homoisoleucine. Evans' asymmetric azidation [5] of 5 which could be

1 Indole and tryptamine did not show such activity. See ref. 2.
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gave the chiral 4 mEIDYIhEX' noic acid 6 in good y
acid chloride and coupled with lithium salt of
Asymmetric azidation was carried out according to the procedures aevexopea by Evans.
Thus, oxazolidinone 5a was treated with KHMDS (1.5 equiv.) at -78 °C and then reacted with
trisylazide. After adding acetic acid, the reaction was warmed to room temperature. Usual
workup gave the desired azide 7 in 78% yield in a diastereomerically pure form.2 In this
reaction, when the amount of KHMDS was insufficient (1.2 equiv.), the yield of the azide was

s ) . . - e P i
4 The absolute configuration of a new stereogenic center in 7 was contirmed by single crystal A-ray analysis.



considerably lowered (10%) and the diazo compound was obtained (20%) as a by-product.
The azide 7 was converted to the protected (25, 45)-homoisoleucine 8 in three steps, and 8
was condensed with O-benzyl-L-tryptophan hydrochloride to give the dipeptide 2a.

When 2a was heated in THF at reflux for 1 h in the presence of 2.5 equiv. of
dichlorodicyanobenzoquinone (DDQ), oxidative cyclization proceeded to give the oxazole
derivative 9 in 63% yield. The structure of the oxazole 9 was supported by spectral data and
finally confirmed by X-ray analysis after conversion to 10 (Figure 1). N, N-Dimethylation
followed by debenzylation gave (1"S, 3"S)-1. Using the same protocol, three other isomers of
homoisoleucine, (2R, 45)-, (25, 4R)-, and (2R, 4R)-3, were synthesized in an optically pure
form, and were converted to 1.

IH and 13C-NMR spectra of both (1"S, 3"S)- and (1"R, 3"S)-1 were compared to those
reported for natural martefragin A [2]. Clear differences were observed between the IH-
MR gnectra of natural and (I1"R. 3"S)-1 esneciallv in the reoion of the side-chain proton
LNAVAIN Spviaia Ul Gliui il s (1 Al, o )T Ry WOPVWIRIL Y LI WUV AVEIVEE Vi Wb DalevT il paUiuas
(C2"-H, C3"-H, and C4"-H). Although the IH-NMR spectra of (1"S, 3"5)-1 were almost the
same as those reported for natural 1, subtle differences were also observed. Thus, methyl
esters of (1"S, 3"S)- and (1"R, 3"S)-1 were prepared as described above. 'H and 13C-NMR
spectra obtained from methyl ester of (1"S, 3"S)-1 showed good agreement with those
reported for methyl ester of natural 1 (Table 1). Therefore, the absolute configurations of
a1 o L 1.1 L s oy . s1vry 3y TN
natural 1 should be (1"5, 3"S) or (1"R, 3"R).
Table 1. Selected !H and 13C-NMR Data of Natural, (1"S, 3"S)-, and (1"R, 3"S)-1 Methyl
Ester
Natural-1 Methyl Ester [ref. 2| (1"S. 3"5)-1 Methyl Ester (1"R. 3"5)-1 Methyl Ester
number TH & (ppm. CDCly) Iic 'H 8 (ppm. CDCl3) e 'H 6 (ppm. CDCl3) e
7 |8.86 (d.J=2.9 Hz) 129.6 | 8.86 (d, /=29 Hz) 129.5 | 8.86 (d. /=2.9 Hz) 129.5
3 125.2 125.2 125.2
2 159.4 159.3 159.8
4 122.7 122.8 122.9
5 154.9 154.9 154.7
1" 14.01 (dd, /=9.8, 5.9 Hz) 60.6 | 4.00 (dd, J=10.0, 5.6 Hz) 60.6 | 4.05 (1. J=7.6 Hz) 60.2
2" |2.20(ddd, J=13.2,9.8,49 Hz) 37.9 |2.20 (ddd, /=13.6,9.6,4.7Hz)  37.9 | 2.07 (ddd, /=13.8,7.8. 59 Hz) 37.6
1.74 (ddd, J=13.2, 8.8, 5.9 Hz) 1.74 (ddd, J=13.6, 8.3, 5.5 Hz) 1.81 (dt, J=13.9. 7.7 Hz)
3 11.36 (m) 31.3 | 1.34 (m) 31.3 | 1.54 (m) 31.3
4" 11.40 (m) 29.6 | 1.40 (m) 29.6 | 1.44 (m) 29.4
1.20 (m) 1.20 (dq, J=13.2, 7.2 Hz) 1.24 (dq, J=13.6, 7.0 Hz)
5" 1085, J=7.3Hz) 11.1 085 (1, J=7.2 Hz) 11.1 1 091 (1, J=7.3 Hy) 1.2
6" 10.95(d, J=6.5Hz) 19.0 | 0.95 (d, J=6.6 Hz) 19.1 | 0.90 (d. J=6.6 Hz) 19.0
& 2 CD -
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Figure 1. X-Ray Structure of 10

3
Spectra of Natural Martefragin A,
3

"R) and (1"S, 3"S)-1



5986

The inhibitory activities of synthetic martefragin isomers were measured using rat liver
microsome and compared with that of natural martefragin A. Synthetic (1"S, 3"5)-1 showed
strong inhibitory activity against lipid peroxidation, similar to that of natural 1 [IC5( for
natural and synthetic (1"S, 3"5)-1: 1.00 and 1.07 pg/mL, respectively]. Interestingly, other
stereoisomers also exhibited the same level of activity against lipid peroxidation. These
results are shown in Table 2 relative to the activity of (1"S, 3"S)-1. Normartefragin A (11),
which was synthesized from a protected dipeptide Ile-Trp by the procedure described above,
also showed nearly the same activity. Among the analogs tested, deaminomartefragin A (12),
synthesized from tryptophan and 6, exhibited the strongest activity. Further studies on the
construction of related molecule libraries, the structure-activity relationships of martefragin
A, and the mechanism of the inhibition of lipid peroxidation are now underway.

Table 2. Relative Activities for Antiperoxidation of Lipid
(1"S,3"$)-1  (1"S§,3"R)-1  (1"R, 3"S)-1 (1"R, 3"R)-1 11 12
relative activity 1.00 0.98 1.09 0.86 0.95 1.74

00 HOO
/\.r——,/\(_) - M/l\/\/\
R/lku/” 7“& Normartefragin A K/”\ J - Deaminomartefragin A

(11) N (12)
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