o

OAc OAc
©/ Fe (CO); (CO) ﬁe—@
—_—— -

OMe CeHs, 55° OMe
3 4 (45%)

MeO”™ PhiC*BFu"

OAc H20, HCO: "~ Ohe
(CO):Fe@ q_z,—z- (CO)sFe a
“~OH

5 (60%) 1 (87%)
KOH
Me OH
o anhzd.- OH
Me;N -0
(CO) ,Fe
- OH acetone T OH
6 (75%) 7 (37%)
lPh3C+ BF.~
(CO);Fe\O

OH
(€O) 3Fe

2 (90%)

)

8

— Q

tendency to decompose on exposure to the atmosphere. When
2 is dissolved in acetone-d¢ containing a trace of water or in
CD;0D, effervescence is observed and, within 60 min, the salt
has undergone quantitative conversion to benzene. No phenol
or Fe(CO); complex of cyclohexadienone is observed. We
assume the decomposition occurs via 8. A similar intermediate

has been suggested for the formation of naphthalene from
9,13

0 Fe(CO),

Oy

g
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Fluorescence from 2,2'-Bipyridine.
Evidence for Covalent Hydrate Formation!
Sir:

There are many tantalizing reports in the literature con-
cerning anomalous properties of 2,2’-bipyridine (bipy) and its
coordination complexes in aqueous solution.? Recently, a
proposal has been made about possible formation of covalent
hydrates by reaction of H;O or OH~ with coordinated or free
bipy to account for these anomalies.? Some consideration has
been given to the role these species may play in the ground-
state chemistry of tris-bipy complexes of transition metals,*-6
and there is reason to believe that covalent hydration is im-
plicated in some excited-state chemistry;’ a covalent hydrate
intermediate has been proposed in the photochemistry of
pyridine.® However, up to this time, direct evidence for the
formation of covalent hydrates of bipy has not been advanced,
although covalent hydrate formation is well established for
1,3-diazanaphthalenes and other aromatic N heterocycles.®
In this paper we report spectral (absorption and emission)
evidence for such species.

The ground-state absorption spectra of bipy free base (B),
monocation (BH™*), and dication (BH»2*%) and their associated
acid-base equilibrium constants in aqueous solution
(pKa(BH?*) = —0.5; pK,(BH*) = 4.5) are well documen-
ted.2b:10 The first strong absorption band of B with Ay« 281
nm in aqueous solution has been assigned as a w-=* transi-
tion.!! An additional unassigned band at 306 nm, seen only in
aqueous solution, has also been reported.!2 Figure 1 shows the
absorption spectrum of bipy in neat CH3CN and in an H,O-
rich CH;3CN solution at constant [bipy].!3 Because the ab-
sorption band in the 308-nm region is seen only in the presence
of H,O, in neat or mixed aqueous solutions (CH3;CN/H;0,
CH3;0H/H,0, DMF/H,0), rather than showing a red shift
in nonhydrogen bonding and nonpolar solvents,!5 it cannot be
assigned as an n-=* transition of B.

No fluorescence is detected from solutions of bipy in neat
DMF, CH;CN, benzene, cyclohexane, methanol, or ethanol.
In neat H,O or a neutral solution of bipy in CH3CN/H,O (or
CH3;0H/H,0 or DMF/H;0), a strong, structured emission
is observed with Ap,x 328 nm (Figure 2, lower curve) which
increases in intensity with increasing mole fraction of H»O.
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Figure 1. Absorption spectrum of 2,2’-bipyridine in neat CH3CN (- - -)
and CH3;CN/H,0 with mole fraction of H,0 0.921 (—); [bipy] is con-
stant, 5 X 107° M; cell length 1.0 cm.

Conversely, the presence of CH3CN in a neutral solution of
bipy in H,O causes a diminution of the emission intensity
(relative to that in neat HyO) which decreases with decreasing
mole fraction of H,O. This emission is always accompanied
by the presence of the absorption band at 308 nm. The exci-
tation spectrum of this emission, also shown in Figure 2, con-
sists of a peak at 308 nm and a small shoulder at 295 nm; no
peak could be detected in the excitation spectrum corre-
sponding to the 281-nm transition in the absorption spectrum
of B. These results are independent of the purification tech-
niques used for the materials (bipy, crystallization from eth-
anol, ethereal wash, air drying, sublimation three times; H,O,
distillation from KMnQy, Millipore conductance train).

In water solution, the emission intensity, Iy, is a linear
function of [bipy]. It is pH-dependent having a maximum at
pH ~5 and decreasing with increasing pH; in sufficiently al-
kaline solution (pH >12.4) the emission cannot be detected.
This decrease in /¢ is accompanied by the disappearance of the
308-nm absorption band. In the presence of phosphate buffer,
1/1¢is a linear function of [HPO42~]; at constant [HPO42~],
1/1¢is a linear function of [OH~]. The functional dependence
of I'ron pH is not affected by the presence of O,

To summarize, solutions of bipy in neat H,O or mixed
aqueous solutions show a ground-state absorption band in the
308-nm region which is the origin of an emission band in the
328-nm region. Both absorption and emission require the
presence of H>O and are removed by base.

This emission does not arise from a photoproduct because
(1) Iy does not change with time of exposure to the exciting
source and (2) photolysis of B in H,O (pH 4.8) at 280 nm does
not affect /y. Emission from a ground-state dimer of B is
eliminated because (1) emission is observed with [B] as low
as 1075 M, and (2) Iris a linear function of [bipy]. The emis-
sion is not due to the formation of a ground-state H-bonded
species because (1) it does not occur in methanol or ethanol,
and (2) the species absorbing at 308 nm is removed by the
addition of modest amounts of base. The emission does not
arise from BH™; the emission (Amax 335-340 nm) and exci-
tation (Amax 297 nm) spectra of that species have been observed
in acidified neat CH3CN as well as in acidic ([H*] > 1 M)
H>0 solutions.

We attribute the 328-nm emission and 308-nm absorption
bands to the presence of a covalent hydrate formed from the
addition of H;O to B according to the equilibrium

B + H,0 = B-H,0 (1)

o 1 I I
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Figure 2. Emission (—) and excitation (- - -) spectra (uncorrected) of bipy
in neat H,O solution: Upper, pH 1.7; lower, pH 8.2. The maxima of all
spectra are normalized to a relative intensity of unity.

The 328-nm emission is assigned as fluorescence from the
lowest excited singlet state of B-H,O. It should be noted that
the exact structure of the species written as B-H,O is not
known. Studies of covalent hydration of similar aromatic N
heterocycles have shown? that (1) after the initial addition
reaction the added H»O may migrate to other sites in the ring,
(2) more than one H,O molecule may add to the same ring,
and (3) all of the possible hydrated species, including proton-
ated forms, are in equilibrium with anhydrous forms.

The disappearance of the 308-nm absorption band upon
addition of OH™ is not accompanied by any change in the ¢x-
tinction coefficient of the 281-nm band of B within the ex-
perimental precision of 3%. We therefore conclude that K| =
[B-H,0]/[B] < 0.03 and that the 308-nm absorption of B-H,O
has an extinction coefficient of ~104 M~ cm™!. This extent
of covalent hydrate formation is not unusual.’

The effect of base on the emission and absorption bands of
B-H,O is caused by the general base reaction

B-H,O + A~ = B-OH™ + HA )

where B-OH™ is nonfluorescent and A~ = HPO42~ or OH".
No spectral evidence is seen for B-OH~ which is assumed to
be at a very low concentration owing to the re-formation of B
in reaction 3.

B:-OH~ = B + OH~ 3)

It also diminishes as the solution of bipy in H,O is made
more acidic than pH 5. At pH 2 Iy has diminished sufficiently
to reveal a weaker emission (~1000 X less intense) at 425 nm
(Figure 2, upper curve) with an excitation spectrum (Amax 320
nm) that does not correspond to the absorption spectrum of
BH* (Amax 301 nm). This emission intensity increases linearly
with [bipy] and is found only in neat H>O or mixed aqueous
solutions. In this case, however, no separate absorption band
could be resolved from the BH* ground-state absorption. The
425-nm emission is assigned as fluorescence from the proton-
ated covalent hydrate, BH.(H,0)*. The determination of the
exact nature of this species and its excited- or ground-state
equilibria is complicated by the interlocking of the BH*-B
equilibrium.

In conclusion, the existance of covalent hydrates of bipy free
base and monocation is established. The implications of the
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presence of covalent hydrates for the ground- and excited-state
chemistry of bipy and other aromatic N heterocycles and their
coordination complexes cannot be ignored.
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Structure of Antiamoebin I
from High Resolution Field Desorption and
Gas Chromatographic Mass Spectrometry Studies

Sir:

The antibiotic antiamoebin was reported in 196822 to be
produced by Emericellopsis poonensis Thirum., E. syn-
nematicola Mathur and Thirum., and Cephalosporium

pimprina Thirum., and to be active against protozoa and
helminths.?® Subsequently, its structure was assigned as 1, a

Glu —~ Hyp — Gly — Leu

Phot - Pro—— Phe —— Hyp —— Aib

H CHy CH3 CHy

c H H
1 ] ] 1 | !

CH3CO-NH-C~CO~NH— c-co—NH—(I:—co—NH—c{:—co—NH—c‘:-co—NH—cl:-co—NH—ci ——CO-NH~C~-CO—
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cyclic octapeptide linked to phenylalaninol.? Oleic, linoleic,
and palmitic acids were also indicated to be a part of the
molecule.* We have now shown that antiamoebin is 2 mixture
of two closely related compounds, antiamoebins I (~98%) and
II (~2%), separable by countercurrent distribution in the
system CHCl3-C¢Hg-MeOH-H,0, 30:30:46:14,% in which
we find K1 = 5.7 and K11 = 2.1, and that the structures of these
antibiotics are actually quite different from 1.

We assign here structure 2 to antiamoebin I, employing gas
chromatography-high resolution electron impact mass spec-
trometry (GC-HREIMS) and high resolution field desorption
mass spectrometry (HRFDMS) as principal structural tools.
We also propose the name peptaibophol (defined as peptide
antibiotics containing phenylalaninol and several moles of
a-aminoisobutyric acid as well as other amino acids) for this
class of antibiotics, which we have recently shown includes
emerimicins II, III, and IV,5 zervamicins I and I1,°Y and ala-
methicins I and IL5 as well as antiamoebins I and II. Two other
antibiotics, suzukacillin” and samarosporin,? also belong to this
class, as does (probably) stilbellin.?

Antiamoebin I, mp 194-196 °C (MeOH-H;0), [«]*°p
+17.8° (¢ 2.1, MeOH), gives microanalyses agreeing with the
molecular formula Cg:H;27N1702¢-2H,0 (mol wt (anhy-
drous), 1669), while the cationated molecular ion!® is found
at m/e 1692 (M + Na) in the field desorption mass spectrum
(FDMS).!! Acetylation of antiamoebin I with acetic anhy-
dride-pyridine gave antiamoebin I triacetate, whose FDMS
showed ions at m/e 1818.9596 (matched vs. the peak at m/e
1720.9514 (C34H 3Fs6N3O6P3) in the FDMS of bis(do-
decafluoroheptoxy)tetrakis(octafluoropentoxy)cyclotri-
phosphazene),!'c 1758, and 1698, corresponding to
CsggH; 33N |7023Na (M + Na), M + Na — HOAc,and M +
Na — 2HOACc, respectively. Cationated molecular ions (M +
Na) for the tripropionate and tributyrate were found by FDMS
at 1860 and 1902, respectively, while those for the lithium and
potassium conjugates of the triacetate were found at m/e 1802
and 1834, respectively.10

Hydrolysis of antiamoebin I with 6 N hydrochloric acid gave
a mixture of amino acids but no fatty acids. Analysis of the
hydrolysis mixture was carried out by FDMS followed by
HRFDMS (employing a variety of reference standards de-
scribed elsewhere),® which gave M + H ions at m/e 76.0409
(C2HgNO,, Gly), 104.0714 (C4H1oNO3,, Aib, a-aminoiso-
butyric acid;!213 ¢f. seq.), 116.0721 (CsH;oNO,, Pro),
118.0883 (CsH2NO,, Iva, isovaline, a-amino-a-methyl-
butyric acid;!415 ¢f. seq.), 132.0654 (CsH;oNO;, Hyp),
132.1012 (CsH14NO;, Leu), 148.0604 (CsH(NO4, Glu),
152.1078 (CyH sNO, Phol, phenylalaninol; cf. seq.), and
166.0849 (CgH;;NO,, Phe); by amino acid analysis (Beck-
man/Spinco, Model 120), which indicated 6-7 mol of Aib, 2

CHjy

HpCH(CHg),  CHg

Ac —» L-Phe Aib Aib Aib L-lva Gly L-Ley —= Aib —>
i i i s i
—NH-C-CO ~CO=NH=-C-CO -c— ~CO~NH=~C— +CO=NH-C~
C=COny ¢ NH c‘: co N CO-NH cl: co\N .~CO=NH ci CH20H
CHy CHZCH,CONH, CaHs Q CHy O CH,CgHg

COH

~—> Aib—>L-Hyp L-GIn

OH

L-lva—> L-Hyp —> Aib—> L-Pro —> L-Phol
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