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STUDIES ON VALIDAMYCINS,
NEW ANTIBIOTICS. VI

VALIDAMINE, HYDROXYVALIDAMINE
AND

VALIDATOL, NEW CYCLITOLS

Sir:

In this communication we wish to describe
the structure elucidation of validamine, la,

and hydroxyvalidamine, IIa1}, which were
obtained from validamycin A and valida-
mycin B, respectively, by hydrogenolysis,
followed by acid hydrolysis. This com-
munication also discusses the determination
of the structures of validatol, Ilia, and de-

oxyvalidatol IV1}, which were obtained from
both validamycins A and B by hydro-
genolysis.

Validamine was crystallized as its mono-
hydrochloride (C7HloNO4-HCl*; m.p. 229-

232°C) (decomp.); Wd +57.4° (1n HC1);
pKa' 8.2; positive to ninhydrin and Lemieux
tests, negative to anthrone and Fehling
tests).

Validamine has one primary amino group
(Van Slyke) and four hydroxyl groups. A
periodate oxidation experiment (consump-

tion of three moles of periodate) proves the

four-carbon sequence which has one primary
amino group and three secondary hydroxyl
groups.

In the nmr spectrum (D2O) of validamine
hydrochloride, integration revealed three
protons (one tertiary and two ring-methy-
lene protons) in the region 8 1.8-2.5.

Validamine forms a pentaacetate, Ib, whose
nmr** spectrum (CDC13) shows eighteen
protons in the region 8 1.5-2.5, fifteen of

them belonging to the five acetate methyl
groups. The axial ring-methylene proton
(8 1.65, H-6a) shows splitting due to coupl-

ing with one geminal, one vicinal axial, and
one vicinal equatorial protons. The equa-
torial ring-methylene proton (H-6e) was

presumably masked by the acetate methyl
signals. The tertiary ring proton (8 2.15,
H-5) is coupled with the side-chain methy-
lene protons (AcO-CH2~, H-7), the latter
appeared as a pair of quartets centered at
8 3.90 (J=11.4Hz, J=3.3Hz) and 8 4.14

(J=11.4Hz, 1=4.7Hz) which were decoupled
into an AB quartet by irradiation of the
H-5 proton. This pattern establishes that a

hydroxymethyl group is attached to a carbon
having a single proton and no oxygen
substituent.***

Deuterium exchange simplified the spec-
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The H-6e was presumably masked by the acetate methyl signals.

* Compoundscharacterized by melting points gave satisfactory elemental analyses.
** Unless otherwise noted, nmr spectra were taken at 100 MHz.For nmr studies of pseudo-sugars

(cyclic monosaccharides whose ring-oxygen atoms have been replaced by methylene groups)
see references 2, 3 and 4.

*** The signal of the tertiary ring proton of the pseudo-sugar acetate is shifted about 2ppm
up field compared with a sugar acetate, due to the absence of the ring-oxygen3>.
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Fig. 1. NMR spectra of pentaacetylvalidamine (Ib).
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trum by eliminating, the acetamido proton
signal (8 6.26, J=7.3Hz, NH on C-l) and
revealed the expected simplifications in the
multiplet at 8 4.56, which was assigned as
the AcN-CH-ring proton.
The remaining three AcO-CHring protons
produced two overlapping quartets (8 4.95,

H-2 and 8 4.96, H-4) and one quartet
(triplet-like in appearance, 8-5.28, H-3).

The down field position of the resonance of
the H-3 proton was presumably due to 1,3-
diaxial deshielding by the acetamido group.

Irradiation of the H-5 proton gives a

doublet (J=9 Hz) for the H-4 proton; simi-
larly, appropriate spectral changes of the
H-l proton were noted by irradiating the
H-6 proton.
The splitting patterns of the H-3 and H-4
protons (J2)3=10 Hz, J3>4=9
Hz, and J4>5=10.5Hz)canbe

explained by the coupling of
vicinal axial protons, while
the pattern for the H-4
proton indicates that the
H-4 proton must be coupled

Chart 1.

RO-A3

OR

NHR
la R=H; Validamine
Ib R=COCH3

with the axial H-5 proton and not coupled

with the methylene protons (H-6).
The splitting pattern of the H-2 proton

(Ji,2=4.5Hz, J2j3=10Hz) is typical of an

axial proton having one axial and one
equatorial neighboring proton, clearly sug-
gesting the equatorial conformation of the
H-l proton.

The above data established the structure
of validamine as (15)-(1,2,4/3,5)-l-amino-5-
hydroxymethyl-2,3,4-cyclohexanetriol or its
mirror image.

The absolute configuration of validamine
has been established as (15)-(l,2,4/3,5) by

X-ray crystallography of validamine mono-
hydrobromide and will be reported in detail
in a subsequent communication by K.
Kamiya, et at.

Fig. 2. NMRspectrum of hexaacetylhydroxyvalidamine (lib).
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The same conclusion has been reached by
comparison of the optical rotation of valida-
mine with that of <#-D-glucose and a-h-
glucose, because the structure of validamine
is identical with that of an ^-D-glucose
whose ring-oxygen atom has been replaced
by a methylene and whose anomeric hy-

drcxyl group has been replaced by a primary
amino group. The S configuration at C-l
was further confirmed by Lemieux's empirical
rules for estimating the optical rotation of
cyclitols.5)

Chart 2.

H NHR

RC"6 2 "-OR

R0H2C -^5 3 L0R

H ^\^^^ H
H OR

IIa R=H ; Hydroxyvalidamine
lib R=COCH3

Crystalline hydroxyvalidamine (m.p. 164^
165°C; [a]D +80.7° (HaO); pKa' 7.0) has

the molecular formula C7H15NO5, differing
from validamine's molecular formula by one
oxygen atom.

Hydroxyvalidamine has one primary amino
group (Van Slyke) and five hydroxyl groups,
and consumesfour moles of periodate.

The nmr spectrum (D2O) of hydroxy-

validamine has a multiplet at d 2.15 (tertiary

ring proton, H-5), a triplet at 8 3.46 (N-
CH ring proton, ]=ca. 3Hz, H-l) a triplet
at 5 4.27 (O-CH ring proton, ]=ca. 3-4

Hz, H-6) and no signal for a ring-methylene
proton.

The sequnce of three carbons (C-l, C-6,
C-5) was confirmed by spin decoupling.

Hydroxyvalidamine forms the hexaacetate
lib, whose nmr spectrum shows two side-
chain methylene protons {8 3.93, quartet,
J=11.4Hz, J=4.5Hz and 8 4.16, quartet, J=
ll.4Hz, J=8.0Hz, AcO-CH2-, H-7) which

are coupled with the tertiary ring proton
(8 2.45, multiplet, H-5). There must then
be an AcO-CH2-CH system in hexaacetyl-

ihydroxyvalidamine.
The doublet at 8 6.33 (J=7.3 Hz, AcNH-,
NHon C-l) was lost on exchange with D2O,
which also revealed the expected simplifica-

tion in the H-l pattern at 8 4.51, assigned
to the AcN-CH ring proton (H-l). The
triplet at 8 5.44 (O-CH ring prcton, H-6)

is coupled with the H-l and H-5 protons.
Combination of the four-carbon sequence

(in the order C-l, C-6, C-5 and C-7) and
the remaining three-carbon sequence (C-2,
C-3, and C-4) which has three AcO-CH
ring protons in the region 8 5.0~5.4 gave
the structure of hydroxyvalidamine as 1-

amino-5-hydrcxymethyl -2, 3,4, 6-cyclohex-
anetetrol.
The acetate methyl pattern of hexaacetyl-
hydroxyvalidamine consisted of three signals

Fig. 3. NMR and double resonance spectra of tetraacetylvalidatol (Illb).
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Chart 3.
H

\ C7H2RlH \

R2o^3 --^f\ \

H
Ilia Ri=OH, R2=H; Validatol

Illb R1=OCOCH3) R2=COCH3

IV R1 =R2=H ; Deoxyvalidatol

at 8 2.12, 2.04, and 2.00 (three, three and

twelve protons, respectively). The band
width of its splitting pattern (triplet, ]-ca.
3 Hz) and chemical schift for H-6 suggest
that one (H-6) of the four (AcO-CH) ring
protons is an equatorial proton.

Analysis of the remaining three O-CH
ring protons was difficult even at 220 MHz
and the complete stereochemistry remains
to be established.*

Validamine and hydroxyvalidamine repre-
sent the first recorded isolation from a
natural source of aminocyclitols possessing
a hydroxymethyl group.

Validatol (C7HUO4; m.p. 119~121°C; |>]D

-39.0° (H2O)) consumes two moles of peri-
cdate and forms a tetraacetate, Illb (mass
spectrum M=m/e 330).
The nmr spectrum (D2O) of validatol shows
the presence of four ring-methylene protons
(3 1.6~2.2), one tertiary ring proton (8 2.41),
and overlapping signals (8 3.5~4.2) which

consist of two side-chain methylene protons
(-CH2O) and three O-CH ring protons.

The nmr spectrum (CDC13) of validatol

tetraacetate, Illb, shows the doublet (8 4.15,
1=7 Hz) of the side-chain methylene protons
(AcO-CH2~, H-7), which are coupled with a
tertiary ring proton (8 2.42, H-l). The H-l
proton gave a complex, poorly resolved
multiplet, which is decoupled to a quartet
due to nearly equal coupling (J=4~5Hz)
with three vicinal protons, by irradiation
of the H-7 protons; this suggests an equa-

torial conformation of the H-l proton.
The four ring-methylene protons produce

an overlapping multiplet (H-5, H-6) which

is partially masked by the twelve acetate
methyl protons.

The remaining three AcO-CHring protons
produced two quartets (centered at 8 4.96,
H-2 and 8 5.16, H-3) and one multiplet
(centered at d 4.83, H-4)which is decoupled
to a doublet (J=7.2Hz) by irradiation of
the ring-methylem protons.

The down field chemical shift of the H-3
proton is presumably due to 1,3-diaxial
deshielding by an acetoxymethyl group, and
the large values of J2,3=8.0Hz and J3>4=

7.2 Hz are characteristic of vicinal protons
having axial conformations.

The H-2 proton is coupled to the H-l
proton by J=4.6 Hz, clearly suggesting the
axial conformation of the acetoxymethyl
group.

The above data established the structure
of validatol as (lS)-(l,2,4/3)-l-hydroxyme-
thyl-2,3,4-cyclohexanetriol or its mirror
image.**

Deoxyvalidatol IV (C7H14O3; [>]D -19.4°
(H2O)) consumes two moles of periodate.
The nmr spectrum (D2O) of deoxyvalidatol
shows the presence of one C-methyl group

(8 1.16, doublet, ]=7 Hz), four ring-methy-
lene protons (8 1.3~2.1), one tertiary ring
proton (8 2.35, multiplet) and three O-CH

ring protons (8 3.0~4.0). From the absence
of a methyl group in the nmr spectra of
validamycins A and B, it is concluded that the
methyl group of deoxyvalidatol arises from

the hydroxymethyl group by further hydro-genolysis.
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* The absolute structure, (lS)-(l,2,4/3,5,6)-l-amino-5-hydroxymethyl-2,3,4,6-cyclohexanetetrol is

most likely, by biogenetic analogy to validamine combined with the structural data above.
** Lemieux's empirical rules for estimating the optical rotation of cyclitols6) may serve to establish

the absolute S configuration at C-l.



VOL. XXIV NO. 1 THE JOURNAL OF ANTIBIOTICS 63

References

Horii, S.; T. Iwasa & Y. Kameda: Studies
on validamycins, new antibiotics. V. Degra-

dation studies. J. Antibiotics 24 : 57-58,
1971

McCasland, G.E. & S. Furuta: Alicyclic
carbohydrates. XXIX. The synthesis of a
pseude-hexose (2, 3, 4, 5-tetrahydroxycyclo-

hexanemethanol). J. Org". Chem. 31 : 1516~
1521, 1966

McCasland, G.E.; S. Furuta& L.J. Durham:
Alicyclic carbohydrates. XXXII. Synthesis

of pseudo-/2-r>L-gulopyranose from a diace-
toxybutadiene. Proton magnetic resonance
studies. J. Org. Chem. 33 : 2835-2841, 1968

McCasland, G.E.; S. Furuta & LJ. Durham:
Alicyclic carbohydrates. XXXIII. Epimeri-
zation of pseudo-<#-dl-talopyranose to

pseudo-<#-DL-galactopyranose. Proton mag-
netic resonance studies. J. Org. Chem. 33 :
2841-2844, 1968

Lemieux, R. U. & J. C. Martin: Applications
of empirical rules for optical rotation to
problems of conformational analysis. Carbo-
hyd. Res. 13 : 139-161, 1970


