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to adjacent hydroxyls in deoxystreptamine as
shown in I.
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Additional support for a 5,6(4,5) linkage also can be
rationalized on the basis of the extreme ease of
methanolysis of paromomycin (0.32 N HCI) in
contrast to kanamycin which is unaffected under
these conditions and has been shown to be a 4,6-
disubstituted deoxystreptamine.? Final proof for
structure I was obtained from methylation and
subsequent hydrolysis experiments.

When N-pentacetylparomomycin was methyl-
ated by a modified procedure of West and Holden,*
a product containing 22.2%, methoxyl (26.4%, for
full methylation) was obtained. Acid hydrolysis
followed by ion exchange and cellulose chroma-
tography afforded an optically active mono-O-
methyldeoxystreptamine isolated as the crystalline
N.N’-diacetyl derivative. A4nal. Found: C, 50.38;
H, 7.776; N, 10.72; [a]p +15° (¢ 1.0, H;0);
m.p. 280-282° dec. The product consumed 1.0
mole of periodate in 24 hours at 5°. The isolation
of an optically active O-monosubstituted deoxy-
streptamine conclusively places the methoxyl in
either the 4 or 6 position since 5 substitution pro-
duces a meso form.*

From the neutral fraction of the above hydroly-
zate there was isolated a sugar which corresponded
to 2,5-di-O-methyl-p-ribose by paper chromatog-
raphy and electrophoresis.® Final characteriza-
tion was accomplished by conversion to the crystal-
line p-bromophenylosazone which melted at 183-
184° and showed no depression on mixing with an
authentic sample.® Anal. Found: C, 42.89: H,
4.14: N, 11.09. The isolation of this disubstituted
ribose proves the presence of a furanose ring struc-
ture in the intact antibiotic and confirms the
glycosidic attachment of paromose to the third
carbon of p-ribose.

Since the molecular rotation of an unsymmetri-
cally monosubstituted deoxystreptamine is now
known (+3900) it is possible to calculate by Hud-
son’s rules the anomeric contribution (4¢) of the
glycosidic linkage in paromamine. Since 4 and 6
monosubstituted deoxystreptamines are enantio-
morphs, the contribution of the deoxystreptamine
moiety ([M]p) in paromamine must be of opposite
sign to the methoxy derivative. By appropriate
substitution into the equation [M], = [M]p -+
Ac + Be and solving for 4g, a value of 427,070
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is obtained. This is in agreement with the cal-
culated values (£ 25,000 %+ 5,000)7# for the con-
tribution of anomeric centers in alkyl glycosides.
Since the sugar is in the D-series, the positive value
establishes an «-p-linkage in paromamine.

(7) C. S. Hudson, TH1s JOURNAL, 81, 66 (1909).
(8) R. U. Lemieux, C. W. DeWalt and M. L. Wolfrom, ibid., 69,
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ENZYMATIC FORMATION OF L-GLUTAMIC ACID
AND ACETIC ACID FROM KYNURENIC ACID!

Sir:

Kynurenic acid (KA) has been shown to be de-
graded by resting cell suspensions and crude ex-
tracts of Pseudomonas,®® but precise metabolic
pathways have not yet been elucidated. We
now are reporting the identification of L-glutamate
and acetate as products of the degradation of KA
by a partially purified enzyme preparation from a
tryptophan adapted Pseudomonas sp. (ATCC
11299B).

Cells were grown and extracts were made as
previously described.* Crude extracts then were
centrifuged at 100,000 X g for one hour. The
incubation mixture contained, in a final volume of
55.5 ml., 52 ml. of the supernatant fraction (468
mg. protein), 0.40 uM. of KA-3-C!* 5 (758,000
c.p.m.) and 304.0 uM. of unlabeled KA. The re-
action mixture was incubated at 36° for 2.5 hours
with continuous reciprocal shaking, deproteinized
with cold 3 9, H;SO4 and was extracted with 3 vol.
of ether. The ether soluble fraction, which
contained approximately 409, of the original counts,
was subjected to partition chromatography on a
Celite column.®! A radioactive compound was
identified tentatively as acetic acid by its titration
curve, an enzymatic assay using acetokinase of
E. col and by the melting point of p-bromo-
phenacyl ester (85°).%

The water layer was neutralized with Ba(OH),
and centrifuged. The supernatant was subjected
to ion exchange chromatography on Dowex-1 and
Dowex-50 columns and L-glutamic acid hydro-
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chloride (82 uM.) was isolated and crystallized as
described before.® Melting point: 180-184° (au-
thentic sample of L-glutamic acid HCl 184-188°;
mixed m.p. 182-186°). A4nal. Caled. for C;H;O4N
HCl: C, 32.71; H, 549; N, 7.63. Found:
C, 3291; H, 5.39; N, 7.67. [a]*Dp = + 31.7°
Specific activity was calculated to be 1430 c.p.m.
and 1560 c.p.m. on the basis of ninhydrin and
enzymatic assays (see below), respectively (original
specific activity of KA, 2460 c.p.m.). Further
evidence for the identity was provided by paper
chromatography!® after and before enzymatic
decarboxylation by r-glutamic decarboxylase.!!

Preliminary experiments with KA-2-C'% car-
boxyl-labeled KA and KA-9-C!* 12 indicated that
glutamic acid is probably derived from the car-
boxyl carbon and carbon 2, 3, 4 and 10. Further
studies are now in progress in order to identifv
other products and intermediate steps.
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a-METALLOCENYL CARBONIUM IONS.?
Sir:

The results of the solvolyses reported in Table I
demonstrate that o-metallocenyl carbonium ions
are remarkably stable. Indeed, the rates indicate
that these a-metallocenyl cations are of the same
order of stability as the triphenylmethyl cation.
Qualitative observations such as the solubility of
ferrocenecarboxaldehyde in dilute hydrochloric
acid® and the facile conversion of phenylierrocenyl-
carbinol to the corresponding methyl ether by
refluxing aqueous methanol? previously have im-
plied a high order of stability for such ions.

That these solvolyses indeed proceeded by alkyl-
oxygen fission was conclusively shown by the
ethanolysis of III and VI. Each of these acetates
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produced the corresponding ethyl ether and one
mwole of acetic acid. The addition of 7.16 X 10-°
M acetate ion reduced the solvolysis rate of III
by a factor of nearly five. This was not caused
simmply by a change in the ionic strength of the
medium as the addition of 7.24 X 1073 M lithium
perchlorate had a negligible effect on the solvolysis
rate. The comnion ion rate depression is, there-
fore, further evidence for alkyl oxygen fission.?
More importantly the large magnitude of the
effect in an 809 acetone-water mixture indicates
the intermediacy of an extremely stable ion which
is quite selective in its recombination with nucleo-
philes.®

TasLe I%*
Rel, rate
30° in 807
acetone/water

I  Trityl acetate 1

II Ferrocenvlcarbinyl acetate® 0.63

III Methylferrocenylcarbinyl acetate? 6.7

IV Methylruthenocenylcarbinyl acetate® 9.0

V  Methylosmocenylcarbinyl acetate® 34

VI a-Acetoxy-1,1’-trimethyleneferrocene’ 0.23

@ The synthesis of all compounds was accomplished by
standard metliods from known intermediates.>%*/ Satis-
factory analyses were obtained for all acetates. ® Rates
were determined by aliquot titration of the acetic acid pro-
duced. The rates followed the first order law faithfully
to at least 85% completion. ¢ TF. S. Arimoto aud A. C.
Haven, Jr., Tuis Jour~aL, 77, 6295 (1955). 4P. J.
Graham, R. V. Lindsey, G. W. Parshall, M. L. Peterson
and G. M. Whitman, sbid., 79, 3416 (1957). ¢ Ref. 7.
/K. L. Rinehart, Jr., and R. J. Curby, Jr., tbid., 79, 3290
(1957).

The requirement for coplanarity of the cationic
center and the cyclopentadienyl ring is demon-
strated by the markedly slower solvolysis rate of
the bridged acetate VI (slower by a factor of
132 than the corresponding secondary acetate III).
It is to be emphasized, however, that the reaction
proceeded by a carbonium ion mechanism as was
indicated by the occurrence of alkyl-oxygen fission.
This leads us to propose the possibility that this
bridged, non-planar ion is stabilized by a direct
participation of the iron electrons.
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Another interesting feature of the relative rates
recorded in Table I is the order of effectiveness of
metallocene derivatives of Group VIII metals in
stabilizing adjacent carbonium ion centers; fer-
rocene < ruthenocene < osmocene. This is just
the inverse of the order of reactivity of these sub-

(3) For a genmeral discussion, ¢f., C. K. Ingold, **Structure and
Mechanism in Organic Chemistry,” Cornell University Press, Ithaca,
N. Y., 1933, p. 360.
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136 (1953).



