
VOL. XXII NO. 12 THE JOURNAL OF ANTIBIOTICS 629

STUDIES ON THE ANTIBIOTICS FROM STREPTOMYCES
SPINICHROMOGENES VAR. KUJIMYCETICUS. Ill

THE STRUCTURE OF KUJIMYCIN A AND KUJIMYCIN B

Sadafumi Omura, Toshio Muro, Shinjuro Namiki,
Michinori Shibata and Jiro Sawada

Research Division, Taisho Pharmaceutical Co., Ltd., Tokyo, Japan

(Received for publication October 13, 1969)

Kujimycins A and B obtained from the fermentation broth of Streptomyces
spinichromogenes var. kujimyceticus have already been reported as neutral
macrolides exhibiting activities against Gram-positive bacteria^. Recently, in

the course of structural investigation, kujimycin B has been found to be
identical with an authentic specimen of lankamycin. The structure of kuji-

mycin A has been elucidated by some chemical degradation studies as lanka-
mycin deacetylated at C-4 of arcanose.

The authors reported previously that kujimycin A (I) and kujimycin B (II) were
different from lankamycin in respect to crystal form, melting point, infrared spectrum,

colors of the carbomycin test and some antimicrobial activities1*. Recently, II was

found to be identical with an authentic specimen of lankamycin, which was a gift of
GIBAPharmaceutical Products Inc., by comparison of some of their physicochemical
and microbiological properties. On the other hand, the structure of I resembled that

of II and has been investigated by some chemical degradation studies. The present
paper reports the structural elucidation of I.

Structure of kujimycin A (I)

Kujimycin A (I) has been proven to differ from II in some physicochemical pro-
perties. Compound I can be separated from II by chromatography on a column of

silica gel eluted by benzene-acetone or ethyl acetate, and obtained from carbon tetra-
chloride-n-hexane as a colorless amorphous powder, m.p. 114^115°C. The possible

formula, C^HyoO^(mol. wt. 791) is compatible with the elemental analysis and the
molecular weight determination by vapor pressure method (mol. wt. 780+20 in acetone).
The antimicrobial spectrum of I closely resembles that of II.

The infrared spectrum of I shows strong peaks at 3470cm"1 (hydroxyl), 1760, 1735
cm"1(carbonyl) and 1230cm"1 (acetyl). Gompund I has also a similar ultraviolet

absorption spectrum as II. The saturated character of I is suggested by negative
reactions of the decolorization tests with permanganate and bromine. In addition to

the above facts, the molecular formula of I, C4oH70015suggests that I is a new neutral
macrolide resembling II, C42H72Oi6, and has only one acetyl group.

Acetyl derivatives of I and II are formed on acetylation in acetic anhydride-
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Fig. 1. Infrared absorption spectra of triacetyl kujimycin A (A)
and diacetyl kujimycin B (B) in KBr
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Fig. 2. NMRspectra of kujimycin A (I), kujimycinB (II) and their acetate (III)(60 Hz, in deuterochloroform)
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pyridine. These two acetyl de-
rivatives have been shown to be
identical by the comparisons of

their melting points, the infrared
spectra and the behavior on thin-
layer chromatography. The re-
maining hydroxyl group is
observed in the acetate (III) by
the infrared spectrum, indicating

a presence of a tertiary hydroxyl
group in I as shown in Fig. 1.

The NMRspectra of I, II and
III in deuterochloroform are

shown in Fig. 2. The spectrum

of I suggests the presence of two
methoxyl groups (s, 3H, 3.26 ppm,
s, 3H, 3.41 ppm), one acetyl group
(s, 3H, 2.05ppm) and a number
of G-methyl groups at around

1ppm. The spectrum of II sup-
ported the presence of two acetyl
groups (s, 3H, 2.05ppm, s, 3H,

2.llppm). In the spectrum of III
were observed two acetyl signals
(s, 9H, 2.05ppm, s, 3H, 2.llppm) corresponding to four acetyl groups. Absence of an
acetyl signal at 2.llppm in I indicates that I has only one acetyl group in the carbon
skelton of II in which there are four possible positions to be acetylated, hydroxyl

groups at C-ll and C-15 of lankolide, at C-4 of arcanose and at C-2 of lankavose.
On the alkaline hydrolysis of I, one mole of acetic acid was eliminated. On the

other hand, two moles of acetic acid were eliminated from II.
In order to find the position of an acetyl group in I, some degradation studies

were carried out. The methanolysis of I afforded a neutral sugar (IV), which was a
colorless oil and analysed as C9H18O4,and compound V, which was a colorless needle
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Fig. 3. Infrared absorption spectra of methyl arcanoside (IV),darcanolide (V) and 4-0-acetyl methyl arcanoside (VI)

(IV) in liquid Him
3000 2000 J500 1200 1000 800 cm"*

(V)inKBr

3000 2000 1500 1200 1000 800 CnTf

(V/) In /fqufd f«m 1/ W

3000 2000 1500 1200 1 000 800 cm"f

H3C 0CH3 OCHz I .

Arcanosel V ] p ] K«"^ose

un A ^\ ru ^ Darcono//cfe

^^^y^ y^O Monoac e tylH°l 1AC 1 0H hnkolide

I I I ^H3
CH3 CH3 CH3

I R=H:KujimycinA II R=Ac:KujimycinB



632 THE JOURNAL OF ANTIBIOTICS DEC 196&

Chart 1.

Acetic acid (1 mol.) Hydroxylic acid Acetic acid (2 mol.)
t t t t

KOH
KOH

Kujimycin A (I) Ac2°"Py--> Acetate (III) *-Ac2°~Py- Kujimycin B
C40H70O] 5 ^4:0^-76^18 Q2H72O16

rHCl-MeOH

1 1 1 1
Methyl arcanoside (IV) Darcanolide (V) 4-0-Acetyl methyl arcanoside (VI)

QHigOi C32H56O12
C11H20O5

KHO

1

Acetic acid

and anaylsed as C32H56O12, melting at 104~105°C. Compound IV was identified as
methyl arcanoside obtained from the alkaline hydrolysate of 4-0-acetyl methyl arca-
noside (VI) when compared by the infrared spectrum, the NMR spectrum and the

thin-layer chromatography. The infrared spectrum of IV shows the absorption band
at 3470cm"1 attributed to a hydroxyl group and no absorption bands at 1740 and 1230
cm"1 attributed to an acetyl group. In the NMRspectrum of IV, two methoxyl
signals (s, 3H, 3.21ppm, s, 3H, 3.48ppm), one hydroxyl signal (broad, 1H, 2.10ppm),
and no acetyl signal were recognized, which suggested that hydroxyl group at C-4 of

arcanose was not acetylated in the intact molecule of I.
On the other hand, V was identified through comparisons of the elemental analysis,

the melting point, the infrared spectrum, the NMRspectrum and the behavior on
thin-layer chromatography with an authentic specimen of darcanolide which was

obtained by methanolysis of II. The infrared spectrum of V shows the strong peaks
at 1755, 1735, 1720 and 1230cm"1 which suggest the presence of a ketone, an acetyl
and a lactone group as shown by the structure of lankamycin2>3).

Also in the NMRspectrum of V a singlet acetyl signal is observed at 2.05ppm
(3H). On alkaline hydrolysis of V one mole of volatile acid was liberated. Therefore,
the results of these studies support the above structure for kujimycin A (I).

Experimental

Comparative studies of II and lankamycin CompoundII was obtained as a colorless
prism, m. p. 181~182°C (authentic sample of lankamycin, m. p. 147~150°C, 181~182°C).

The infrared spectrum and the analytical data of II were also identical with those of the
authentic sample of lankamycin and II was shown not to have such absorption bands at
1634 (6.12//), 1497 (6.68^), 752 (13.30ju) and 692 (14.45ju) cm"1 as previously reported4>5).

Also both gave a yellow color in hydrochloric acid and pale yellowish green color in

butanol extract in the carbomycin test. CompoundII had the same antimicrobial activities
as lankamycin against some test organisms by the two-fold agar dilution method. Mole-
cular weight was estimated by vapor pressure method with Hitachi-Perkin Elmer-115
Molecular Weight Apparatus. NMRspectra at 60 Hz were measured with a Hitachi-Perkin
Elmer R-20 spectrometer.
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Triacetyl-kujimycin A (HI) (=Diacetyl-kujimycin B) Two-hundred mg of I (or II)
were acetylated with 1 ml of pyridine containing 0.2ml of acetic anhydride. After stand-
ing for 20 hours at roomtemperature the reaction mixture was concentrated in vacuo at

40°C. The residue was dissolved in benzene and chromatographed on a silica gel column

using the solvent system, benzene-acetone (5 : 1). CompoundIII in the eluate was detected
by thin-layer chromatography, and the fractions giving one spot were collected. The

à"solution was concentrated in vacuo, and the amorphous powder was obtained from CC14-
fl-hexane (yield 120mg). m. p. 98~-100°C, Anal. Calcd. for C46H76O18: C 60.24, H 8.35.
Found: C 60.30, H 8.09.

The infrared spectra in KBr are shown in Fig. 1. The NMRspectrum in CDC13is
shown in Fig. 2 (III): 3.29ppm (s, 3H, -OCH3), 3.31ppm(s, 3H, -OCH^), 2.05ppm (s, 9H,
3 -OCOCH3), 2.ll ppm (s, 3H, 1 -OCOCH3). Rf values of the thin-layer chromatography
on silica gel G plate: 0.92 (benzene-acetone 1:1), 0.90 (ethyl acetate). The spot on the
plate heated at 100°C for 5 minutes after spraying cone. H2SO4 gives a dark gray or dark

brown color.
Alkaline hydrolysis of I Compound I (100mg) was dissolved in 6ml of EtOH to

which was added 0.5ml of 1.00N KOH.After refluxing for 30 minutes the solution was
titrated with 0.10N HC1 (1.95 molar equivalents of alkali were consumed). After evapora-
tion of the EtOH, the remaining aqueous solution was acidified with 5ml of 30 %phos-
phoric acid and 0.85 molar equivalent of acetic acid was obtained by steam distillation6).

Methanolysis of I Compound I (300mg) was dissolved in 2ml of MeOH and 0.2ml
of cone. HC1. The solution was allowed to stand for 18 hours at 4°C, then neutralized to
pH 4.0 with dil. NaOH. The neutralized mixture was concentrated under reduced pressure
to remove MeOHand the residue was extracted with ethyl acetate. The extract was

concentrated to a small volume and chromatographed on silica gel with benzene-acetone
(5:2). The first eluate was shown to contain the sugar moiety which was identified as
methyl arcanoside (IV) (yield 30mg), a colorless oil, Anal. Calcd. for C9H18O4: C 56.82,

H 9.54. Found: C 57.02, H 9.39.

The infrared spectrum in liquid film is shown in Fig. 3 (IV). The NMRspectrum in
CDCI3 : 1.24ppm (s, 3H, -CCH3); 1.24ppm (d, J=7Hz, 3H, -CCH3); 3.21 ppm (s, 3H-OCH3);
3.48ppm (s, 3H, -OCH3); 4.50ppm (d, d, J-3Hz, J=9.5Hz, 1H at C-l); 1.37ppm (d, d,
J=9.5Hz, J=15Hz, 1H at C-2); 1.90ppm (d, d, J=3Hz, J=15Hz, 1H at C-2); 4.07ppm
(d, q, J=2Hz, J=7Hz, 1H at C-5); 3.06ppm (d, J=2Hz, 1H at C-4); 2.10ppm (broad,
1H at C-4 OH). The hydroxyl signal of C-4 at 2.10ppm shifted to 2.05ppm at 50°C and
-disappeared by addition of D2O. Rf value on silica gel G plate developed with benzene -

acetone (2:1) was 0.69 and the color of the spot was violet by heating at 100°C for 5
minutes after a spray of cone. H2SO4.

The second eluate contained the aglycone moiety which was identified as darcanolide
(V) (yield 100mg), a colorless needle, m.p. 104-105°C. Anal. Calcd. for C32H66O12: C

60.74, H 8.92. Found: C 60.67, H 8.92. The infrared spectrum in KBr is shown in Fig.
3 (V). NMR spectrum in CDC13: a number of C-methyl groups at around 1ppm: 2.05

ppm (s, 3H, -OCOCH3); 3.34ppm (s, 3H, -OCH3). Rf value of silica gel thin-layer chro-
matography developed with benzene-acetone (2 : 1) was 0.44 and the color of the spot was
yelowish brown by heating at 100°C for 5 minutes after spraying with cone. H2SO4. The
yield of volatile acid was 0.8 mole.
Methanolysis of II The methanolysis and the purification of the products were carried

out by the same procedure employed in I. 4-0-Acetyl methyl arcanose (VI), a colorless oil.
Anal. Calcd. for CnH20O5: C 56.88, H 8.68. Found: C 56.92, H 8.75. The infrared spec-
trum in liquid film is shown in Fig. 3 (VI). NMRspectrum in CDC13: 1.10ppm (s, 3H,

-CCH3); 1.12ppm (d, J=6Hz, 3H, -CCH3); 2.12ppm (s, 3H, -OCOCH3); 3.23ppm (s, 3H,

-OCH3); 3.48ppm (s, 3H, -OCH3); 4.55ppm (d, d, J=3Hz, J=9.5Hz,1H atC-l); 1.49ppm
(d,d,J=9.5Hz,J=15Hz, 1H atC-2); 1.90ppm(d,d, J=3Hz,J=15Hz, 1H at C-2); 4.07ppm
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(d, d, J=2Hz, J=7Hz, 1H at C-5); 4.73ppm (d, J=2Hz, 1H at C-4). The Rf value on
silica gel thin-layer chromatography developed with benzene- acetone (2 : 1) was 0.88, and
the color of the spot was dark gray by heating at 100°C for 5 minutes after spraying with
cone. H2SO4. The aglycone moiety was identified as V obtained from I.

Alkaline hydrolysis VI One hundred milligrams of VI were dissolved in 5 ml of EtOH
to which was added 0.5ml of 1N KOH.After refluxing for 30 minutes, the solution was
neutralized with 0.1 N HC1. The solution was extracted with ethyl acetate and the extract
was concentrated under reduced pressure. Sixty milligrams of IV were obtained as a

colorless oil. Anal. Calcd. for C9H18O4: C 56.82, H 9.54. Found: C 57.02, H 9.40.

Acknowledgement

The authors wish to thank Mr. S. Uehara, Executive Vice President, Dr. S. Ikawa, Director and Dr.
I. Tanaka, Manager of Resea^eh Department of Taisho Pharmaceutical Co., Ltd., for their encourage-
ment. They also indebted to Dr. T. Arai and Mr. S. Kumonfor NMRspectra and the kind advice.

References

1) Omura, S.; S. Namiki, M. Shibata, T. Muro, H. Nakayoshi & J. Sawada : Studies on the anti-
biotics from Streptomyces spinichromogenes var. kujimyceticus. II. Isolation and characterization

of kujimycins A and B. J. Antibiotics 22 : 500-505, 1969

2) Keller-Schierlein, W. & G. Roncari : Stoffwechselprodukte von Actinomyceten. 33 Mitteilung :
Hydrolyseprodukte von Lankamycin : Lankavose und 4-0-Acetyl-arcanose. Helv. Chim. Acta
45 : 138-152, 1962

3) Keller-Schierlein, W. & G. Roncari : Stoffwechselprodukte von Actinomyceten. 46 Mitteilung :
Die Konstitution des Lankamycins. Helv. Chim. Acta 47 : 78-103, 1964

4) Gaumann, E.; R. Hutter, W. Keller-Schierlein, L. Neipp, V. Prelog & H. Zahner : Stoffwe-
chselprodukte von Actinomyceten. 21 Mitteilung : Lankamycin und Lankacidin. Helv. Chim.

Acta 43 : 601-606, 1960

5) Gaumann, E.; V. Prelog & E. Vischler : Lankamycin. Japanese Patent 16,700, Oct. 17, 1962
6) Omura, S.; M. Katagiri, H. Ogura & T. Hata: The chemistry of leucomycins. I. Partial

structure of leucomycin A3. Chem. Pharm. Bull. 15 : 1529-1533, 1967


