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Confirmation of Structure of Roseonine*
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Roseonine’ is one of the two S-amino
acids obtained as the hydrolysis products
of roseothricin®»®, and is identical with
streptolidine from streptolin®’ and geamine
from geomycin®; it has also recently been
obtained from racemomycin B®. On
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account of the poor crystallizing properties
of the reaction products from roseonine,
and especially because the starting mate-
rial was so scarce, the reasoning that led
to the previously proposed structure I':™
was somewhat indirect. The validity of
structure I and the possibilities of three
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7) For simplicity the structures I-1V are represented
in the classical fashion and not in the zwitterionic form
in which distribution of the positive charge within the
guanidinium moiety should have to be considered.
However, see structure [ of preceding paper.
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other structures, II-IV, have accordingly
been re-investigated. In the present paper
we wish to furnish additional evidence
pointing to structure I, and thus to clarify
a few ambiguities®. Firstly, potentio-
metric titration and consideration of the
hydrogen ion-binding curve® excluded
structures III and IV, and secondly, evi-
dence from infrared spectra pointed to the
correctness of structure I.

Free p,L-serine was chosen as the model
for the first method, and this was subjected
to a two-mole periodate oxidation. Poten-
tiometric titration of the aqueous reaction
solution gave a pK'a value of 3.8, and the
hydrogen ion-binding curve occurred below
the zero reference line (i.e., the inflection
corresponded to a hydrogen ion-binding
group). The dissociation constant corre-
sponded to that of formic acid, and thus
the two oxidative steps may be correctly
formulated by the following scheme:

o (9]
CH,—CH—COO~-—>0HC-CO0O-—>H-C00~

| i
OH NH;*

Oxidation of roseonine dihydrochloride
with one mole periodate yielded one mole
each of formaldehyde and ammonia® and
an unisolated product with a pK'a of 2.1'9,
Oxidation with a second mole of periodate
afforded a product with a pK'’a value of
3.3. Since neither formaldehyde nor 2-
amino-2-imidazoline hydrochloride was
attacked by periodate to any measurable
extent under similar conditions, it is

8) Ref. 5 and H. Musso, Angew. Chem., 68, 313 (1956).

9) T.V. Parke and W. W. Davis, Anal. Chent., 26, 642
(1954).

10) ‘The titration was carried out only in the region of
pH 2.3 to 6, since the end point was obscured in the
other pH regions by the effect of the slightly excess
periodic acid (pKa, at 1.64, pKa; 6.92: N. V. Sidgwick,
“The Chemical Elements and their Compounds®, Vol.
11, p. 1237 (1950), Oxford) and the buffering action of the
formed ammonium chloride. The inflection at 2.1 was
obtained by extrapolation.

[Vol. 30 No. 7

apparent that the inflection at 3.3 is
neither due to the transformation of
formaldehyde to formic acid, nor to an oxi-
dative decomposition of the 2-imidazoline
nucleus. Hence the oxidative steps may
be represented as follows for structures
I (or II)' and III (or IV)'V, respectively:

NH—CH—CO-COOH
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The oxidation product could not be isolated
from the reaction solution owing to poor
crystallizing properties and the minute
amount of starting material available.
Otherwise a simple analysis would have
sufficed to differentiate between structures
Ib and IIIb. Though no clear differentia-
tion between structures Ia and IIla, or be-
tween Ib and IIIb is possible from the two
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Fig. 1. Hydrogen ion-binding curve for

2 mole periodate oxidation product.

------ :  Experimental

Theoretical curve for pK's 3.3

---: Hypothetical curve for structure
IIIb.

11) Inasmuch as the side chain aminoethanol structure
is destroyed by the first mole of periodate, it makes no
difference whether the structure is I or II. The same
applies to III and 1IV.
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Fig. 2. Roseonine-2HCI (1.1 mg./300 mg. KBr): 1720 (COOH), 1680 (G—I)*, 1577 (G—TII,
NH;*)*** 1500(NH;*)**
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Fig. 3. Free roseonine (crude) (KBr): 1690 (G—I)*, 1600 (NHy*, G—II, COO~)*»**,
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Fig. 4. Roseonine Diol (1.0 mg./300 mg. KBr): 1684 (G—I)*, 1632 (COO-), 1583 (G—II)*

* ef. Guanidinum I and II band, Goto, Nakanishi, Ohashi, preceding paper.
** ¢f. Nakanishi, Goto, Ohashi, This Bulletin, 30, 403 (1957).

pK'a values of 2.1 and 3.3, differentiation
may be made by taking into account the hy-
drogen ionbinding curve for the two-mole
oxidation product (Fig. 1). It is to be noted
that since the dihydrochloride was used as
the starting material, structure Ib possesses
one hydrogen ion-releasing carboxyl group,
and structure IIIb possesses two such
groups; the entire titration curve, in either
case, should thus lie above the zero line.
The incompatibility of structure IIIb with
Fig. 1 may be inferred as follows. First,

assuming 3.3 to be the first pK'a value, the
second dissociation constant arising from
the second carboxyl group must then lie
somewhere above 7 since the upper end
of the experimental curve ending at about
pH 5 as yet shows no sign of a second
inflection. The pK'a2 values fer 1,2-cis-
and {rans-cyclopentanedicarboxylic acid
are at 6.51 and 5.91, respectively'®, and

12) H. C. Brown, D. H. McDaniel and O. Hifliger in
“‘ Determination of Organic Structures by Physical
Methods ", Academic Press (1955), p. 625.
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if the additional acid strengthening effect
of the guanidinium group is considered,
a pK’,2 value above 7 would be unexplicable.
Second, assuming 3.3 to be the second pK'a
value, the first pK'a should then be below
2 and the experimental curve for the
second constant should be that represented
by the dotted lines in Fig. 1. Thus
it becomes apparent that the observed
inflection at 3.3 is due to the carboxylic
group of Ib strengthened by the guanidi-
nium group'®, and that roseonine possesses
either structure I or Il

The decision between these two struc-
tures, i.e., whether the side chain is an
isoserine residue or a serine residue, was
further made possible from the infrared
spectra. Namely, conversion of roseonine
dihydrochloride into the diol V!* resulted
in the appearance of a band at 1467 cm™!

?OOH
lﬁi——-(fH—(]J —CH.0H
C CH: OH
H:N7 “\NH”/
V)

(Fig. 4) which is absent in the spectra of
roseonine dihydrochloride (Fig. 2) or free
roseonine (Fig. 3, see experimental for
preparation of this compound). This new
band can only be assigned to a normal
methylene bending vibration, and a new
methylene group in the diol could, in turn,
only be derived from formula I and not
from II. The appearance of a conspicuous
absorption at 1030 cm™ in the diol (prim-
hydroxyl; corresponding to a similar strong
band in the spectra of L- and D,L-serine
at 1017 and 1036cm™', respectively—b-
serine was not examined) is also to be
noted.

13) The pK’'s of creatine, which like Ib also hes a
guanidinium group alpha to the carboxyl group is 3.0 at
20°C (Eadie and Hunter, J. Biol. Chem., G7, 237, 243

(1926)). This slightly enhanced acidity might be ex-
plained by structure VI for the zgitterion.
HNE-0—c”
c C!Hz
HgN/ > N/
(EH; (VD)

14) Obtained by the action of silver nitrite on the
dihydrochloride this was the only relatively easily
accessible derivative.
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Experimental

Potentiometric Titration of Periodate
Oxidation Products.—Roseonine dihydrochlo-
ride (9.7 mg., 0.037 m.mol.) was dissolved in 3 ml.
of water, and to this there was added 3 ml.
of an aqueous 0.03 m.mol./ml. solution of sodium
metaperiodate. After being kept in an incubator
at 35°C, 2ml. of this mixed solution was pippetted
out after 30 minutes and after 20 hours. These
solutions were acidified by addition of 1 ml. of
0.0480 N-hydrochloric acid and were titrated with
0.0480 N-sodium hydroxide using a Beckman
type-G pH-meter. The pK'a values were deter-
mined by the method of Parke and Davis®. The
blank curve was obtained by carrying out an
identical procedure on a periodate solution to
which 3 ml. of water had been added instead of
the roseonine-dihydrochloride solution. A parallel
reaction mixture was employed for following the
periodate consumption; this was measured by
conventional techniques. The periodate consump-
tion after 30 minutes was 1.0 mol., and that after
20 hours was 2.1 mol. The titrations were carried
out at 11+2°C and not under thermostatted
conditions.

Free Roseonine.—This was prepared by
dissolving 10 mg. of sodium (0.44 m.mol.) in 1 ml.
of absolute ethanol, adding 52 mg. of roseonine-
dihydrochloride (0.21 m.mol.), stirring, and leaving
overnight. The precipitates of sodium chloride
and free roseonine were collected, dried, and
pressed into disks. Though the infrared bands
were diffuse owing to the presence of sodium
chloride, it was sufficient for the purpose of
showing the absence of strong absorptions around
1000 cm~! and 1470 em~! (Fig. 3).

Infrared Absorption Measurements.—The
spectra were recorded on a Hilger H 800 double
beam instrument equipped with a sodium chloride
prism; when necessary the region 1300-1750 cm !
was scanned with a calcium fluoride prism.
Potassium bromide disks were used, and the die
and the handpress were those supplied by Hilger
and Watts, Co. Analytical grade potassium bromide
was ground to pass a 200 mesh sieve and dried
at 150°C for 24 hours; the samples (ca. 1 mg.)
were ground evenly with 300 mg. of this potas-
sium bromide for 5 minutes.
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