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A search of the literature showed that the physical
characteristics of argemonine matched fairly closely
with those of the N-methyl derivative of pavine, an
optically inactive base obtained by the reduction of
papaverine with tin and hydrochloric acid.#*—¢ Exten-
sive chemical characterization®® had showed that N-
methylpavine has the structure I. The degradative
work on argemonine’=~¢ parallels that on N-methylpa-
vine® step for step and, in particular, both series lead,
by the same processes, to a nitrogen-free compound of
m.p. 156°, identified® as 2,3,8,9-tetramethoxy-5,6-di-
hydrodibenzo|a,eleyclosetene.

We have prepared N-methylpavine using the pro-
cedure of Pyman* and have compared it with (—)-ar-
gemonine from 4. munita.® The ultraviolet and solu-
tion infrared spectra of the two are identical and the
structural identity of these bases is thereby confirmed.

This is the first report of the nitrogen-bridged tetra-
hydrodibenzocycloGetene system in a natural product
and the structure presents a novel problem in alkaloid
biosynthesis. Most current biogenetic hypotheses for
Papaveraceous alkaloids depict a benzyltetrahydroiso-
quinoline (II) as a key intermediate which can couple
from the asterisked positions to positions 1, 2, or 3 to
furnish the aporphine, morphine, or cyptaustoline series
of alkaloids. Argemonine coud fit into this scheme if a
coupling occurred to position 4. If the precursor is
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similar to laudanosine (II, R = CHj;), then argemonine
would be the primary alkaloid in this series and succes-
sive O-demethylations would lead to nor- and bisnorar-
gemonine. This would be in keeping with the demeth-
ylation series (thebaine to codeine to morphine) shown
to occur in the opium poppy.” Biosynthetic studies are
currently underway to test these and other possible
pathways of metabolism in this new series of plant alka-
loids.?
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STEREOCHEMISTRY AND SYNTHESIS OF
AMOSAMINE:
4,6-DIDEOXY-4-DIMETHYLAMINO-p-GLUCOSE

Sir:

This communication reports the complete identifica-
tion and synthesis of the first 4-aminosugar isolated
from natural sources. 3-Aminosugars such as mycami-
nose, > mycosamine® and desosamine*~® have been in-
vestigated as important moieties of certain antibiotics.
Amosamine,”? the aminosugar moiety of the antibiotic
amicetin,®1° is shown by synthesis in this investigation
to be 4,6-dideoxy-4-dimethylamino-p-glucose.

One of the most significant properties of amosamine
is its basicity. The free sugar, the o and the 8 methyl
glycoside, the disaccharide amicetamine and the anti-
biotic amicetin have pX’s values close to 7, which rep-
resent a tenfold decrease in basicity when compared
with the 3-dimethylaminosugars mycaminose!! and de-
sosamine.!? These data and the degradation studies re-
ported earlier required the consideration of a 4-amino
structure and an examination of the molecular rotation
values of amosamine and the « and 8 methyl glycosides
indicated the stereochemistry of the glucose series as a
likely possibility. Synthesis of the crystalline methyl
4,6-dideoxy-4-dimethylamino-e, D-glucopyranoside (VI),
the free sugar and the crystalline itol hydrochloride,
identical with the natural material, confirmed these con-
siderations.

The starting material for the synthesis was I, a
known 4,6-ditosylate derivative of D-galactose.!’® Se-
lective displacenient of the 6-tosyl group with sodium
iodide to give the 6-iodo derivative II, m.p. 131.5-133°,
was accomplished in acetone solvent at 105-110°. II
was separated from unreacted I and diiodo by-product
by column chromatography over alumina. The 6-iodo
derivative II was reduced to the 6-deoxy derivative III,
m.p. 157-158.5°, using Raney nickel catalyst in the
presence of a few drops of sodium hydroxide solution.
The 4-tosyl group of 111 was displaced with azide ion in
refluxing dimethylformamide to give the glucose deriva-
tive IV, which was not isolated but converted by succes-
sive treatment with hydrogen in the presence of plati-

(1) A. C. Richardson, Proc. Chem. Soc., 430 (1961); J. Chem. Soc., 2758
(“‘()g)z)‘A‘ B. Foster, T. D. Inch, J. Lehmanna, M. Stacey and J. M. Webber,
ibid., 2116 (1962).

(3) M. H, von Saltza, J. Reid, J. D. Dutcher and O. Wintersteiner,
J. Am. Chem. Soc., 88, 2785 (1961).

(4) C.H. Bolton, A. B. Foster, M. Stacey and J. M. Webber, Chem. Ind.
(London), 1945 (1962).

(3) W. Hofheinz and H. Grisebach, 7'¢trahedron Letiers, No. 8, 377 (1962).

(6) P. W. K. Woo, H. W. Dion, L. Durham and H. S. Mosher, ibid., No. 17,
735 (1962).

(7) C.l.Stevens, K. Nagarajan and T. H. Haskell, J. Org. Chem., 27T, 2991
(H(,g)z)é. L. Stevens, R. J. Gasser, T. K. Mukherjee and T. . Haskell,
J. Awm. Chem. Soc., 18, 6212 (1956).

(9) E. H. Flynn, J. W. Hinman, E. L. Caron and D. 0. Woolf, Jr., ibid.,
75, 5867 (1953).

(10) T. H. Haskell, ibid., 80, 747 (1958).

{11) F. A. Hochstein and K Murai, ibid., 76, 5080 (1954).

(12) E. H. Flynn, M. V. Sigal, Jr., P. F. Wiley and K. Gerzon, tbid., T6,
3121 (1954).

(13) Cf. E. J. Reist, R. R. Spencer and B. R. Baker, J. Org. Chem., 24,
1618 (1959), who show that the 4-tosyl group in I is successfully displaced
with inversion by benzoate ion. Inversion of the 4-mesyl group in the
galacto-series by azide ion is reported by E. J. Reist, R. R. Spencer, B. R.
Baker and L. Goodman, Chem, Ind. (London), 1794 (1962).



May 20, 1963

Ows CHzR CH3
(0] (0]
i a
Il
CeHsCO C.H.CO
0 OCH;, e (l) OCH;
CeH:C=0 CeH;C=0
1 R = Otos v
II R=1
IIl R=H
CHs CHS
(0] 0
(CH;):N R:N
OH
u (
0" HO™6n  oom,
VII V R=H
Vl R = CH;

num catalyst, barium hydroxide and then formic acid—
formaldehyde into the crystalline a-methyl glycoside of
amosamine VI, identical with the natural product by
mixture melting point determination and examination
of the infrared spectra, which were superimposable,
Hydrolysis of the a-methyl glycoside gave the free
sugar, 4,6-dideoxy-4-dimethylamino-p-glucose (VII),
which traveled with the same R; values as amosamine
upon paper chromatography in a pyridine-ethyl ace-
tate-water (5:12:4) system and in a pyridine—ethyl
acetate-acetic acid-water (5:5:3:1) system. The
free sugar VII was converted to the itol VIII using
sodium borohydride. The crystalline itol hydrochlo-
ride was identical with the natural derivative as shown
by mixture melting point determination and paper
chromatographic comparisons.
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BASE-CATALYZED ISOMERIZATION OF MEDIUM RING
S DIENES AND TRIENES!
w?

The observation that dimethyl sulfoxide enhances the
base strength of potassium ¢-butoxide has led to rather
extensive use of this system for carbanion reactions.?
Noteworthy applications are the recently described
isomerization of 2-methyl-1-pentene? and the study of
endo = exo kinetics with alkylidenecycloalkanes.?
While these studies dealt primarily with isomerization
rates, equilibrium compositions appeared to be in quali-
tative agreement* with data available from other in-
vestigations. The present investigation was in fact
initiated on the premise that product ratios would re-
flect relative thermodynamic stabilities of the isomers.

The thermal isomerization of allenes to mixtures of
acetylenes and 1,3-dienes is well known.! More re-
cently, 1,2-cyclodecadiene was reported to undergo
isomerization to 1,3- and 1,4-cyclodecadiene when heated
at 190° in diethyl carbitol containing notassium hy-
droxide.®
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We have found that 1,5-cyclodctadiene is con-
verted rapidly and essentially quantitatively to 1,3-
cyclodetadiene by potassium ¢-butoxide in dimethyl sul-
foxide (1 hr., 70°). Similarly, 1,2-cyclononadiene (I)’
under identical conditions gave rise to 1,3-cyclonona-
diene (II) which is 989, pure by vapor-liquid chroma-
tography. The properties of II are in good agreement
with those reported.® Extending the reaction time to
3 hr. afforded a mixture comprised of 709% of II and
239, and 79, of two new substances. The first of these
was separated by vapor-liquid chromatography as 97—
989, pure material. Quantitative microhydrogenation
required two mole-equivalents of hydrogen and gave
cyclononane, identified by comparisons of ils chroma-
tographic retention time and infrared spectrum with
those of authentic material. Ozonolysis afforded ma-
lonic acid and adipic acid which, as a mixture, were con-
verted to their methyl esters and identified chromato-
graphically. It is thus clear that this substance is
1,4-cyclononadiene (III).? Very strong infrared ab-
sorption at 13.5 u suggests that both double bonds
are cis. The second of the two new compounds was
shown to be cis,cis-1,5-cyclononadiene (IV) by the
usual comparisons with a sample prepared by an inde-
pendent synthesis.®¥® Equilibration experiments (144
hr., 70°) using either I or IV gave the same equilibrium
composition: 949, IV, 69, II and only a trace of III.
It thus would appear that cis, cis-1,5-cyclononadiene (I'V)
is, by a substantial margin, the most stable of the isomeric
cyclononadienes. The typical 1,3-diene stability is lack-
ing in II as a result of the large interplanar angle im-
posed by ring strain.
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The isomerization of 1,2,6-cyclononatriene (V)7 for 2
hr. (70°) gave a mixture of two products which was
easily separated by vapor-liquid chromatography. The
minor component (409,) proved to be 4,7-dihydroin-
dane (VI) when comparison was made with authentic
material.!! The major product (60%,) gave a mixture
of hexahydroindane and tetrahydroindane upon cat-
alytic hydrogenation. It can be formulated as either
bicyclo[4.3.0]nona-1,8- or 4,6-diene (VIIa or b) on
the basis of its ultraviolet spectrum (AZS® 236 muy, €
15,000) and n.m.r. spectrum (3 vinyl protous).

Two short-lived intermediates in the V — VI isom-
erization have been detected. It appeared likely
that one of these might be 1,3,5-cyclononatriened an
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