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trum becomes more intense in its long-wavelength region
{550-700 nm) where the formally protonated RSB has its
emigsion maximum. The excitation spectrum monitored at the
observed emission maximum (550-590 nm) of RSB’s of pep-
tides 11 and 1V is composed of two distinct bands, one with a
maximum at 340-440 nm (strong) and the other at 440-500
nm (weak), Figure 1.

Both the absorption and emission spectral data described
above clearly indicate that, in the case of the RSB’s of the
peptides 111 and 1V, more than one well-defined species is
present in solution. The two bands observed in the excitation
spectra are identifiable in position with the main absorption
band of the nonprotonated and formally protonated forms. The
latter data plus that of absorption and emission regarding the
long-wavelength regions, vide supra, strongly indicate that the
RSB’s of the peptides 11 and 1V contain at least two distinct
species which we shall formally call nonprotonated (A) and
protonated (B). A third viable possibility is an intramolecular
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hydrogen-bonded form (C) which is expected to have spectral
properties similar to those of B. Protonation could occur by
dissociation of the H of the carboxyl group leading to the for-
mation of a zwitterion involving the basic imino nitrogen of the
Schiff base. H-bond formation between the different molecules
is expected to be much less significant because of the expected
large steric hindrance involved in the approach of the macro-
molecules to one another.

The question of whether a completely protonated form (B)
or internally H-bonded form (C) (or possibly an intermolec-
ularly H-bonded form) is predominantly involved remains to
be settled by other means, However, in a relatively nonionizing
solvent such as dichloromethane and at low temperature, the
dissociation of the carboxyl group is expected to be small and
the formation of an internally H-bonded species such as C is
most likely. To the best of our knowledge. this work represents
the first study and observation of a molecular perturbation
of known origin involving a peptide moiety of known se-
quencing that results in a significant alteration of the wave-
length maximum of an RSB. The presence of internal H-
bonding protonation indicated in the present work may be
exploited to resolve some of the issues involved in the mecha-
nism of the visual processes including protonation-deproton-
ation.8-10.12.13 |n addition to the protein-like microenvironment
offered by the polymeric PEG portion, it is possible for further
study to have peptides containing suitable polar, polarizable,
or aromatic groups which may take part in internal electro-
static or charge-transfer interactions with the polyene
chain 41413

It should be noted that, although the emission spectral
maxima of the RSB’s of peptides | and |l show a slight de-
pendence on excitation wavelengths, this behavior is much less
pronounced compared with that of 111 (and 1V) and is not ex-
plainable in terms of absorption of or emission from proton-
ated-nonprotonated species.

The preparation of the RSB complexes was done by mixing
dry methanol solutions of a PEG peptide and a//-trans-retinal
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(Sigma, five-six times molar excess) over 3A molecular sieves
and standing for 12 h at 0 ° under nitrogen in the dark. After
the molecular sieves were removed by filtration, the RSB
complex was precipitated from the methanol solution by
adding ether (until the solution was opalescent) and cooling
to 0 °C. This was filtered off, washed three times with cold, dry
ether, and dried under high vacuum (~1073 Torr). For spectral
measurements, the RSB was dissolved in methanol followed
by precipitation with ether, washing, and drying and this
procedure was repeated twice to ensure the complete removal
of unreacted retinal,
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Malyngamide A, a Novel Chlorinated Metabolite
of the Marine Cyanophyte Lynghya majuscula

Sir:

(—)-7(S)-Methoxytetradec-4(E)-enoic acid (1) and chlo-
rine-containing amides of 1 are present in the extracts of sev-

QCH, °
Ao AN o
1

eral shallow-water varieties of the marine blue-green alga
Lyngbya majuscula Gomont.' -3 Herein we report the struc-
ture of one of these amides, malyngamide A.

Malyngamide A (2) was obtained as a neutral, colorless oil,
[a]?5p —6.5° (CH,Cl,, ¢ 0.8) by gel filtration (Sephadex
LH-20) and HPLC (u-Bondapak-CN) of the dichloromethane
extract of freeze-dried L. majuscula collected at Kahala
Beach, Oahu. High resolution mass spectrometry established
the molecular formula of 2 as Ca5H4sCIN»Og. Negative re-
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Table I. Spectral Data for Malyngamide A (2}, Dysidin (6), and Hydrolysis Products

2 54 6 7
TH NMR (3, ppm)
C-2 6.85 3.99 6.84 4.12,3.87¢
C-4 3.52 3.33 3.15,3.47%
OMeon C-3 3.74 3.76
UV (Amax, nm (¢))
in EtOH 265 (17 600) 240 (13 000)¢ 264 (26 900)

213 (15 700)
in basic EtOH

214 (16 200)¢
310 (21 000)

225 (15 900)

219 (37 000)

@ High resolution mass spectrum my/e 538.2801 (M, caled for CosHy3N20635Cl, 538.2809). ¥ AB quartet; all other signals in this table
are singlets. < Similar to UV of 3 in EtOH: Anax 238 nm (e 11 000), 218 (10 000).

actions with AgNOj in refluxing EtOH and with Nal in ace-
tone indicated that 2 was an alkenyl chloride.

Partial structure 2a was inferred from '"H NMR spectral
data* and was confirmed by alkaline hydrolysis of 2 to 1, {a}*%p
—10.0° (CHCl;, ¢ 0.5). Similarly partial structure 2b was
concluded by comparison of the 'H NMR and mass spectral
data of malyngamide A and 3, mp 89-90 °C, a minor con-
stituent of one or more polar fractions of L. majuscula. Veri-
fication of this moiety was secured by alkaline hydrolysis of
2to4.> Compound 4, mp 133-134 °C, was also a constituent
of the cyanophyte.
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Three absorptions in the 'H NMR spectrum of malyn-
gamide A were doubled in a 2:1 ratio (6 2.90/2.84, 4.33/4.18,
6.09/6.18) owing to two slowly interconverting conformers.
At 100 °C (Me,S50-dg) these three pairs of signals coalesced
to3 H,2H,and 1 Hsingletsat 6 2.83,4.19, and 6.19, respec-
tively. Irradiation of the 3 H signal, assigned to an N-methyl
group, produced a 9% positive NOE in the 1 H olefinic signal
and a 5% negative NOE in the 2 H methylene signal. These
data implied that malyngamide A had partial structure 2¢.
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Partial structure 2d was suggested by comparison (Table
D) of the UV and 'H NMR spectra of malyngamide A, the
sponge metabolite dysidin®7 (6), and the 38-keto amides 5 and
7 from mild acid hydrolysis of 2 and 6. An NOE experiment
showed that the OMe on C-3 and the olefinic proton of C-2 in
2d were cis to each other, since irradiation of the methoxyl
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signal at 6 3.74 gave an 18% increase in intensity for the olefinic
proton signal at 6 6.85.

The spectral and chemical data above were consistent with
structure 2 for malyngamide A. Proof of this structure was
disclosed from the following chemical degradations.® Treat-
ment of 2 with acid (2 N HCI, 75% MeOH, reflux 6 h) pro-
duced a 3-keto acid which decarboxylated to the methyl ketone
8.9 Interestingly the alkenyl chloride functionality of 8 was not
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9 X.Y=0
10 X=H,Y=CH,

altered during the acid hydrolysis.® Selective catalytic hy-
drogenation of the tetradecenoyl unit in 2 (Pd/C, EtOAc) and
subsequent ozonolysis ((1) Oz, CH5Cl,, =5 °C; (2) Ph3P) led
to the B-keto methyl ester 9.!9 A small amount of methyl ester
10'" was also formed, obviously from concomitant hydroge-
nation of the alkenyl chloride functionality prior to ozonol-
ysis.
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(11), 332(8), 315 (7), 259 (26), 257 (75), 222 (22), 205 (20), 203 (57), 158
(35), 146 (53), 143 (100), 111 (41); high resolution mass spectrum m/e
399.2503 (calcd for CpoHag35CINO;, 399.2540); UV (MeOH) Apax 212 nm
(e 3900) assigned to the = — = * transition for the (3, y-unsaturated ketone
carbonyl; IR (neat) 1718, 1655, 980 cm™"; "H NMR § 6.07 (1 H, br s), 5.50
(2H, brt),4.24 (2H, brs), 3.33(3H,s).3.16 (2 H, s, on 1H, br quintet), 2.92
(3H,s), 234 (4H,brm), 2.15(3H, s, on 2H, br m), 1.26 (12 H, br s with
low-field sh), 0.88 (3 H, br t, J = 7 Hz). Two signals in the 'H NMR spectrum
are doubled in a 6:1 ratio (5 6.07/6.11, assigned to =—CHCI, and 2.92/2.83,
assigned to the NCHj for the two conformers); irradiation at & 2.92 produces
a 19% positive NOE in the signal at § 6.07 and a 5% negative NOE in the
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187 (19), 143 (25); high resolution mass spectrum m/ e 385.2838 (M™; calcd
for CpyHagNOs, 385.2828), 312.2511 (calcd for C1gH34NO3, 312.2539),
241.2173 (calcd for C15H2902, 241.2168), 200.093 1 (calcd for CgH14NO4,
200.0923), 187.0847 (calcd for CgH,3NO4, 187.0845); UV (MeOH) Amax
213 nm (e 5400) — 271 (11 000), 214 (7900) in methanolic NaOH; IR 1735,
1720 (sh), 1650 cm™'; '"HNMR & 4.24 (2 H on C-4, s), 3.71(3 H, s, ester
OMe), 3.46 (2 H on C-2, s), 3.28 (3 H, s), 3.05 (1 H, br quintet), 3.02 (3 H,
s, N-Me), 2.30 (2 H, brt, J = 7 Hz), 1.65-1.20 (20 H, br m), 0.83 (3 H, br
t,J=7Hz).

identified by high resolution mass spectrum: m/e 385.3169 (M™*, calcd for
CooH43aNO,, 385.3192), 312.2874 (calcd for CqgH3aNO,, 312.2903),
241.2173 (calcd for CysH2902, 241.2168), 200.1296 (calcd for CqoH1gNO3,
200.1287), 187.1198 (calcd for CgH,7NO3, 187.1208).
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Preparation of [NP(p-OC¢H4Li);]; by Metal-Halogen
Exchange, and Its Reactions with Electrophiles
Sir:

The reactions of cyclic and polymeric halophosphazenes
with organolithium reagents have been studied extensively, -3
but the reactions of organometallic reagents with cyclic and
polymeric organo-functional phosphazenes have not been
explored in detail. Of particular interest to us were reactions
that could yield carbanionic species bound directly to phos-
phazene cyclic and polymeric compounds. Such reactive in-
termediates could be used to synthesize a wide range of new
cyclic and high polymeric phosphazenes not accessible by other
synthetic routes, including those that might form unusual li-
gands for transiton metals.

We have found that hexa(p-bromophenoxy)cyclotriphos-
phazene (1) undergoes a high yicld metal-halogen exchange
reaction with n-butyllithium to yield the hexalithio derivative

Br
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(I1). The reaction conditions employed involved a rapid ad-
dition of #-butyllithium (1.6 M in hexane) in a 15% excess to
a tetrahydrofuran solution of I at —40 °C,

The presence of 1I was confirmed by its reactions at —40 °C
with electrophiles, such as deuterium oxide, carbon dioxide,
chlorodiphenylphosphine, and triphenyltin chloride to yield
the following derivatives: [NP(p-OCgH4D),3]5 (111),
[NP(p-OCcH,COOH), 15 (IV), {NP[p-OCH4P(CeHs),]515
(V), and {NP[p-OC¢H4Sn(CeHs)s]lalz (V1). All of these
compounds were identified by 3'P NMR spectra, infrared
spectra, and chemical analysis. The position of lithium incor-
poration on the aromatic ring was confirmed by the 3C NMR
spectrum of compound Il which revealed both the presence
of a triplet structure and a decrease in the resonance signal for
the carbon at the para position of the aromatic unit when
compared with the 3C NMR spectrum of [NP(OC¢Hs)5]3.4
The absence of significant skeletal cleavage during metalation
is a considerable advantage for the use of such processes in
phosphazene high polymer syntheses.

The binding of metal complexes to phosphazene compounds
is of structural, catalytic, and potential biomedical impor-
tance.>® This reaction system possesses a capacity for the
binding of metals both through reactions of 1 with metal ha-
lides, as demonstrated by the synthesis of compound VI, and
through the reactions of compound V with metal complexes.
To illustrate this second reaction pathway, V was allowed to
react with H2Os3(CO)p (VI1), a compound which has been
demonstrated previously to react with tertiary phosphines to
yield monosubstituted phosphine osmium cluster compounds,
H>0s3(CO)o(PR3).7 The high reactivity of this osmium
cluster (V1) was ascribed to a metal-metal double bond.®
When compound V was allowed to react with a deficiency of
V1l at 25 °C in methylene chloride solvent, the expected color
change from violet to yellow was observed. Furthermore in-
frared spectral comparisons of the carbonyl stretching regions
for the osmium complex derived from triphenylphosphine and
that derived from V confirmed the existence of metal binding
through the phosphine residues of V rather than through the
skeletal nitrogen atoms.

Experiments are now underway in our laboratory to extend
these small molecule cyclic model reactions to high polymeric
phosphazenes.
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