Assignment of the Position of Amino Groups in
Amino Sugars by Mass Spectrometry
Sir:

We wish to extend the study of carbohydrates by
mass spectrometry! to one of the more important classes
of derivatives, the amino sugars, in the form of their
N-acetylated diethyl dithioacetals.?

Amino sugar dithioacetals are often products from
the chemical degradation of antibiotics® and can be
subjected directly to electron impact. Degradative
procedures which allow the determination of stereo-
chemistry at all carbon atoms except C-24 in 2-amino-,’
3-amino-,* and 2,6-diaminohexose’ and S5-aminopen-
tose® derivatives start with dithioacetals.® The classes
investigated include dithioacetals!! of 2-acetamido-,
3-acetamido-, 6-acetamido-, 2,6-diacetamido, and 3,6-
diacetamidohexoses and 3-acetamido- and 5-acetamido-
pentoses. The 3,6-diacetamidohexose derivative is
representative of a new class of diamino sugars!? as
yet not encountered in biological substances.

The mass spectral? of 2-acetamido-2-deoxy-D-glucose
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diethyl (I)!* and di-n-propyl (II) dithioacetals contain
molecular ion peaks at m/e 327 and 355, respectively,
and peaks characteristic of cleavage of the C-1-C-2
bond.

[ HC—(SR), I HC—(SR), R = CH,,

| + mje 135
H—C—NHCOCH:; R = »-C;H;,

mle 163

HO—C—H +
H—C\—NHCOCH:

H—C—OH (CHOH); mje 192,

| | M — 135
H—C—OH CH:.OH

H,—OH J

CH,, M* = 327

R
R ﬂ-CaH',, M+ = 355

A peak at m/e 268 in the mass spectrum of I and at m/e
296 in the spectrum of 11, corresponding to elimination
of acetamide from the molecular ion, is characteristic
of the 2-acetamido substituent. A fragment retaining
the substituent on C-3 is particularly useful for recog-
nizing 3-acetamido-3-deoxyaldose dithioacetals
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The mass spectra of 3-acetamido-3-deoxy-D-ribose
diethyl dithioacetal (I111) and of 3-acetamido-3-deoxy-D-
mannose diethyl dithioacetal (IV) contain molecular
ion peaks of such low intensity that they can be found
only at high sample pressures. The dithioacetal portion
of the 3-acetamido compounds is recognized by an
intense peak at m/e 135 and the remainder of the mole-
cule by a peak at M — 135. Compounds III and IV
do not eliminate acetamide upon electron impact, as do
the 2-acetamido analogs, but eliminate a moiecule of
water, indicating a preferential loss of the 2-substituent.

The mass spectra of 5-acetamido-5-deoxy-L-arabi-
nose! (V) and 6-acetamido-6-deoxy-p-glucose (VI) di-
ethyl dithioacetals can be differentiated from those of
their respective 2-acetamido analogs by the elimination
of one and two molecules of water from the molecular
ion instead of elimination of acetamide, and from their
3-acetamido analogs by the peak at m/e 177. They give
a molecular ion peak as well as peaks at m/e 135 and
M — 135.

The mass spectra of compounds V and VI show
fragmentation processes characteristic of the terminal
acetamido function. Cleavage of successive carbon-
carbon bonds in compound V with charge retention on
the nitrogen-containing moiety gives fragments at m/e
162 for C-1-C-2 cleavage, 132 for C-2-C-3, 102 for
C-3-C-4, and 72 for C-4-C-5, although m/e 72 may also
result from the loss of ketene and water from m/e 132.
These fragments are found 30 mass units higher for
compound VI. Relative intensities indicate that C-1-
C-2 and C-3-C-4 cleavages are preferred.

after sublimation directly into the electron beam from a small furnace
heated by a tungsten coil. The mass spectrometer was purchased by
Wayne State University under Grant CP-1474 from the National
Science Foundation.
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The mass spectrum of 2,6-diacetamido-2,6-dideoxy-
L-idose diethyl dithioacetal” (VII) can be recognized as
that of a 2-acetamido compound by the fragments
involving the loss of a molecule of acetamide. A peak
at mj/e 177 shows it is not a 3-acetamido compound.
Peaks at m/e 132, 102, and 72 are characteristic of the
terminal acetamido function. A molecular ion peak
and peaks at m/e 135 and M — 135 are present.

The mass spectrum of 3,6-diacetamido-3,6-dideoxy-
p-altrose diethyl dithioacetal (VIII)!® is recognized as
that of a diethyl dithioacetal by the peak at m/e 135,
and as that of a 3-acetamido compound by the peak at
m/e 218, the small molecular ion peak of intensity 0.02 %
of the base peak, and the peak at M — H,O. Frag-
ments 132, 102, and 72 are characteristic of the 6-acet-
amido-6-deoxy function.

A detailed study of these amino sugars as well as 4-
amino-, 5-amino-, and diaminoaldoses, by mass spec-
trometry, will be the subject of a forthcoming publica-
tion.
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Coenzyme Q. LXII. Structure and Synthesis of
Rhodoquinone, a Natural Aminoquinone of the
Coenzyme Q Group!

Sir:

Rhodoquinone (I), a naturally occurring quinone
from Rhodospirillum rubrum, and Athiorhodaceae, has
now been shown by structural and synthetic studies to
be an aminoquinone belonging to the coenzyme Q
group. The apparent enzymic formation of rhodo-
quinone from coenzyme Q;, may indicate that the
aminoquinone has a photosynthetic function.

It was previously reported? that the structure of rho-
doquinone is a hydroxyquinone (II), based on C-H
analysis, molecular weight measurement, micro hydro-
genation data, and ultraviolet and infrared spectra,
with particular significance attached to absorptions at
3495 and 3370 cm.~! in the infrared spectrum. The
assignment of the hydroxyquinone function was based
essentially upon the above two bands in the infrared
spectrum; however, primary amines also show two
bands in this region.?

That rhodoquinone is not a hydroxyquinone was ap-
parent from its ultraviolet and visible spectra in neutral
and basic ethanol solutions. Acidic hydroxyl groups of
hydroxyquinones react with base to give resonance-stabi-
lized anions which absorb at longer wave length, but rho-
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doquinone shows no change in the ultraviolet or visible
regions of the absorption spectrum in ethanolic potas-
sium hydroxide as compared to ethanol (Mg, 283 mu
(Ei% 121), 512 mp (E17, 14)).  For comparison, the hy-
droxyquinone from coenzyme Qio(I1) was newly prepared
by the technique used by Imada* for converting coen-
zyme Q- toits O-demethylated analog. The spectral and
chromatographic properties of Il are quite different from
those of rhodoquinone; a marked change in the visible
region of the ultraviolet absorption spectrum of II was
observed when the spectrum of an ethanolic solution was
compared to that of an ethanolic potassium hydroxide
solution (Amax 277 mu (E1), 44), 428 mu (E1% 5.7), as
compared t0 Aoy 281 mu (E1% 28), 536 mu (EL7 15.4)).
The infrared spectrum of a carbon tetrachloride solu-
tion of 1I showed only one peak in the O-H stretching
region at 3350 cm.~!, and the nuclear magnetic reso-
nance spectrum is definitive for the hydroxyquinone
structure II; 7 4.96 (10) m, CH=; 6.04 (3) s, -OCHy3;
6.88 (2) d, ring —-CH,—; 8.07 (38) m, -CH,CH=C-
(CH;;)CH,- and ring -CH,; 8.45 (32) m, -CH,CH=C-
(CH3)CHo-.

The R; values (t.1.c.) of the hydroxyquinone Il and rho-
doquinone on silica gel G plates in 409 ether in »n-
hexane are 0.1 and 0.33, respectively. Nitrogen deter-
minations in natural and synthetic rhodoquinone gave
high values averaging about 2.797; all spectral data
were consistent with the presence of one methoxyl and
one amino group.

The nuclear magnetic resonance spectrum of a car-
bon tetrachloride solution of rhodoquinone is in
agreement with structure I; 7 4.94 (10) m, CH=;
5.50 (2) b, -NH,; 6.13 (3) s, -OCHj;; 6.88 (2), ring
-CH,—; 8.04 (38) m, -CH,CH=C(CH;CH,- and
ring -CHj;; 8.42 (32) m, —CH,CH=C(CH;)CH,-.
The assignment of the peak at 7 5.50 to the two amino
protons was substantiated by taking the spectrum of a
carbon tetrachloride solution of rhodoquinone con-
taining a catalytic amount of formic acid. Under
these conditions the only change in the spectrum was
the disappearance of the peak due to the exchangeable
amino protons at 7 5.50.

Rhodoquinone gives a monoacetate (amide) deriva-
tive when treated with acetic anhydride. The amide
functional group was confirmed by spectral methods;
infrared (smear) 3250 cm.—! (N-H stretching), 1655 and
1618 cm.~! (amide I band and quinone carbonyl);
ultraviolet (C;H;0H) Aoy 275 mu (E1% 178), and 400
mu (sh) (E1Z, 8); n.m.r. (CCl) 7, 3.15 (1) s, -NH; 4.96
(10) m, CH=; 5.96 (3) s, -OCH;; 6.88 (2) d, ring
-CHy—; 7.94 (3) s, CH,CO-; 8.08 (38) m, —CH,-
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