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ABSTRACT

Callipeltin A

All stereoisomers of ~ -methoxytyrosine ( f-OMeTyr), a stereo-undefined component of callipeltin A, were synthesized from

The stereochemistry of  -OMeTyr in callipeltin A was determined to be 2

L- and p-tyrosine.
R,3R by an oxidative procedure and Marfey's analysis.

Cyclodepsipeptide callipeltin (1) and its congenet§ were
isolated in our laboratories from the marine spo@gdlipelta
sp., collected in New Caledonia. Callipeltin A is a decapep-
tide containing three unusual amino acid residyésneth-
oxytyrosine -OMeTyr), (R ,3R49-4-amino-7-guanidino-
2,3-dihydroxyheptanoic acid (AGDHE), and S3R)-3,
4-dimethyli-glutamine (diMeGIn). Callipeltin A 1) is
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known to exhibit antifungal and anti-HIV activity. The
stereochemistry of callipeltins, however, remains to be
determined because of the uncertainty regarding{©&eTyr

unit. Interestingly, thgg-OMeTyr residue was also found as

a component of papuamidesnd neamphamide.Like
callipeltin A, they show anti-HIV activities. In each instance,
the stereochemistry of th@-methoxytyrosine remains un-
determined because of degradation of this residue under
acidic hydrolysis.
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Callipeltin A (1)

Figure 1. Callipeltin A (1)

The new structure of callipeltin A, together with its
stereochemical ambiguities and its intriguing biological
activity, has prompted considerable interest from the syn-
thetic community®. To accomplish the total synthesis as well
as the structural determination of callipeltin A, all four
stereoisomers gf-OMeTyr are needed in large quantities.
Recently, two syntheses of all sterecisomerg-@MeTyr
have appeared in the literatur&hey both feature a strategy
based on the nucleophilic addition of arylmetal reagents to
serine aldehyde equivalents followed by methylation.

In this paper we report a short, inexpensive, efficient
synthesis of all four stereoisomers gFOMeTyr from
tyrosine methyl ester, using a modification of the method
developed by Easton and Hutton several yearss@&gsides

providing adequate amounts of the above amino acid unit

for the planned total synthesis, the availability of all four
diastereoisomers @-OMeTyr enabled us to unambiguously

assign the absolute configuration of the corresponding residue

in callipeltin A, through oxidative procedure and Marfey’s
analysis.

Easton’s method, used for the synthesis of th®,3R)-
B-hydroxytyrosine residue in vancomyeiand, recently, for
the synthesis of the &3R)-3-methoxyphenylalanine residue
in cyclomarini® provides selective formation ofhreo-
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hydroxyphenylalanine derivatives. The correspondinghro
diastereomers could be obtained by oxidation of ttireo
adducts to the corresponding ketones, followed by reduction
by a suitable hydride, a procedure usually used to access
the not directly obtainablerythro g-adducts.

(2S)-O-Acetyl-N-phthaloyltyrosine methyl est&) (was
treated withN-bromosuccinimide to afford the corresponding
3-bromo derivatives3a and 3b (Scheme 1) in 97% vyield
(1:1 mixture of diastereoisomers).

Scheme 1. Easton’'s Metho#
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Treatment of bromides with silver nitrate in aqueous
acetone overnight gave th@hydroxyl derivatives4ab
(6:1 mixture of diastereoisomers).

To obtain the correspondiriymethoxytyrosine derivative,
the synthesis then required the methylation of the 3-hydroxyl
group of4a. We tested several reported methods, but we
only obtained decomposition of the starting material or
unsatisfactory transformatidf.

This failure prompted us to explore an alternative access
to f-methoxy tyrosine derivativesa,b, which involves the
use of methanol in the place of water as a nucleophile for
the substitution displacement of the bromide atom.

The factors determining the stereoselectivity of the hy-
drolysis of s-bromoarylalanine derivatives were investi-
gated!? So far, no details on the stereochemical course of
the methanolysis of the bromotyrosine derivatives have been
reported. To gain more insight, we tested several solvolysis
conditions by varying the solvent and the catalyst (Table 1).

In the presence of AgOTf, we observed the concomitant
removal of theO-acetyl protecting group. In all tested
conditions, a modest level of stereoselectivity was observed,
inferring a {1 character with the absence of neighboring
group participation. Huttdd reports the formation ahreo
and erythro adducts4a and4b, respectively, in a 6:1 ratio
when the hydrolysis was performed with silver nitrate in
aqueous acetone. On the same substrate, in comparable
conditions (entry 1), methanolysis afforded a 6:4 ratio of
threo and erythro adducts. Better stereoselectivity was
observed with silver nitrate in MeOH/acetone (entriest?,
whereas the use of silver triflate reduced the selectivity of
the solvolysis reactions, giving invariably a 1:1 ratio (entries

(11) During the preparation of this manuscript, a paper (ref 7b) appeared
reporting the same difficulty in methylating a protected 3-hydroxy-tyrosine
derivative.

(12) Hutton, C. A.Tetrahedron Lett1997,38, 5899—5902.
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Table 1. Ag*-Promoted Methanolysis of Bromotyrosinga,b Scheme 2. Deprotection ofs-Methoxytyrosine Derivatives
Br O 102 eqqiv’\jatglﬁst OMe O (i) NHoNH,, 2% in MeOH, 0 °C
OMe 18h.25°C OMe Me @ (ijLion, THE-H,0 (311, ww), 0°c  JMeQ
81% in 2 steps
NPhth NPhth OMe —M———— OH
AcO RO NPhth NH
(gg' gg)_gﬁ (2, 3R)-5a R=H* HO 25, 3R)-5 Ho ’
(2R, 38)- (2, 35)-5b R=H" (25, 3R)-5 (28, 3R)-6a
[o]?° +18.0
entry substrate catalyst solvent ratio® 5a:5b yield¢ (c0.34, MeOH)
1 3a/3b AgNOy¢ MeOH 60:40 75% OMe © OMe O OMe O
2 3a/3b AgNO;3 acetone 78:22 70% OH /©/\_)‘\ OH Y~ "OH
3 3a/3b AgNO;3; acetone/MeOH 1:1 65:35 70% HO NH, HO NH, HO NH,
4 3a/3b AgNOg acetone/MeOH 2:8 59:41 T7% (28, 3S)>6b (ZR, 33)—60 (2R, 3R)-6d
4 3a/3b AgNOg acetone/MeOH 8:2 73:27 75% [0]p%° -6.3 [a]p? -20.2 [o]p? +5.6
5 3a/3b AgOTf MeOH 60:40 87% (¢ 0.26, MeOH) (c 0.21, MeOH) (c 0.36, MeOH)
6 3a/3b AgOTf acetone 59:41 85%
7 3a AgNO3 acetone 70:30 70%
S 2:‘) ig§83 Me?H 32:23 ;(2);" addition of a 2% hydrazine methanolic solution af®.
§¥%s acetone ; o Finally, the removal of the methyl ester was easily obtained
10 3b AgNO3 MeOH 50:50 73% Y, y y

by LiOH hydrolysis. The same deprotection procedure was

R = OAc when AgNQ was used as a cataly$t5a:5b ratio was — gpplied to theerythro diastereomebb to provide (Z,3S)-
determined byH NMR analysis of the mixture® Isolated yield by column

chromatography Due to the poor solubility of AgN@in MeOH/acetone, 3-methoxy-tyrosineésb with similar results.
10% water was added to the solvent when this catalyst was used. The remaining two enantiomers @F-methoxytyrosine

were synthesized using the same procedures starting from
(2R)-O-acetyl-N-phthaloyltyrosine methyl ester to afford the
5 and 6). Results obtained by solvolysis on isofateromo- desired (R,39-4-methoxytyrosinéc and (R,3R-S-meth-
arylalanine3aor 3b (entries 7—10) confirm the findings of  oxytyrosine6d with similar stereoselectivity and chemical
Hutton and indicate some degree of conformational restric- yield.

tion of the cation intermediate with the preferential formation ~ Concerning the configuration of thg&-methoxytyrosine

of the threo adduct. Even if in all tested conditions no residue in callipeltin A {), recently we applied a new
significant selectivity was observed, in light of our need of integrated NMR-quantum mechanical (QM) approach, rely-

a rapid access to both diastereomerg-onethoxytyrosine, ing on the comparison between calculated and experimental
we selected silver triflate/methanol conditions (entry 5). In J-values, to the analysis of the relative configuration of four
these conditions, we obtained easier synthetic elaborationamino acid units in callipeltin AX) and proposed a@rythro

in terms of yields and number of steps. The two methoxy- arrangement (e.gS*,S*) for the two stereogenic centers in
tyrosine derivatives could be easily separated by HPLC (silica the 3-methoxytyrosine residu.With all four stereoisomers

gel, hexanelethyl acetate 75:25) affording p&eeand 5b. of S-methoxytyrosine in our hands, it was then possible to
To secure the stereochemistry of the diastereoisomericconfirm the above assignment and to determine the absolute
p-methoxytyrosine derivatives, a sample ofS@R-f- configuration using a precolumn derivatization method.
hydroxytyrosine derivative4a previously obtained was We tested several acidic and basic hydrolytic conditidns,

methylated with CHl and AgOTf. The methylated derivative  and unfortunately no recovery gi-methoxytyrosine was
was obtained in a modest 10% yield; however, HPLC invariably observed®

separation of the crude reaction mixture followed by A literature search suggested the opportunity to transform
deacetylation withp-TsOH afforded a product whos# the phenyl group, responsible of the lability of themeth-
NMR and optical rotation data were superimposable with

those of dervativea I —

To complete the synthesis of both diastereomers of Scheme 3. Ozonolysis off-Methoxytyrosines and Their

B-methoxytyrosine and to access deprotected derivatives, HPLC Retention Timest§)
useful as standards for the stereochemical studies on cal- OMe O OMe O
lipeltins, we explored the selective removal of both phthaloyl 03, MeOH, -78 °C HO. oH
and methyl ester protecting groups (Scheme 2). S OH O NHy
. . . . 2
Quantitative removal of the phthaloy! protecting group in HO (2S, 3R)-6a (28, 35)-7a
; ; irati 23, 3S)-6b
5awas achieved without observable racemization by careful ng’ 38))-6c te= 10.23 min
(2R, 3R)-6d
(13) Bassarello, C.; Zampella, A.; Monti, C.; Gomez-Paloma, L.; HO QMeO HO ?Me 9 HO §veQ
D’Auria, M. V.; Riccio, R.; Bifulco, G.Tetrahedron, submitted. OH v~ “OH v~ "OH
. t(14) Dl%l\./]issln’I I.zlriMethgg_iligzMolecular Biology; Smith, B. J., Ed.; O NHp 0 NH, O NH,
otowa, , Vol , PP . - - -
(15) As determined by LC/MS analysis (ion-selective monitoring for (2_8’ SR) 7b_ (2R 3R) 7,c (2R. 35) 7d_
FDAA—MeOTyr + H* m/z464) after Marfey’s derivatization of the crude t=16.06 min tz= 9.86 min tg=17.30 min

hydrolysate.
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oxytyrosine residue, to a carboxy function, through oxidative was in contrast with that usually observed for hydrophilic
ozonolysis. hydroxy and acidic amino acid$.Noteworthy also is the

As depicted in Scheme 3, a small sample (1 mg each) of deviation from the usual behavior for thiereo series, with
synthetic diastereomeBa—d was transformed to the cor- the p-isqmer eluting before the-isomer. The seleptivg ion
respondingB-methoxy-aspartate derivativéa—d by 0zo- monitoring atm/z 461 of the hydrolysate of callipeltin A

nolysis, followed by hydrogen peroxide workup. The com- detrivil_tizetc_J Witr} L1I7:[3)QA _showed onI)(/j_ a [t)e?fL(EIaDAvxith
pounds 7a—d were derivatized with Marfey's reagent retention ime ot 17.5U min, corresponaing to

1-fluoro-2,4-dinitrophenyl-5-alaninamidep-FDAA). derivative of (2R,3S)-f-methoxy-aspartatd. Thus, the
) S (2R,3R)-configuration for thg-methoxytyrosine residue in
The same procedure was applied to callipeltinlh The  cajlipeltin A was unambiguously established.
oxidized callipeltin A (1) was hydrolyzed, and the amino | conclusion, we have reported a concise synthesis of all
acid residues so obtained were derivatized with Marfey’s four stereoisomers oﬁ_methoxytyrosine_ The absolute
reagent (Scheme 4). configuration of the above residue in callipeltin A)(was
assigned for the first time. In addition, our method turns out

_ to be a useful tool for the stereochemical characterization

Scheme 4. Configurational Assignment g#-Methoxytyrosine of B-methoxyg-aryl amino acids, often found as components

in Callipeltin A of bioactive natural peptides.
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