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Three newantibiotics were isolated as minor componentsfrom the culture
broth of Streptomyces mycarofaciens, and named as SF-837 A2, A3 and A4.
They are basic macrolides and have the molecular formulae of C42H69NO15,
C41H65NO15 and C42H67NO15, respectively. SF-837 A2 showed a UV maximum
at 232mju, and gave on hydrolysis propionic acid and n-butyric acid, one
mole each, suggesting to be a homologue of SF-837. SF-837 A3 and A4
exhibited a UV maximum at 280 mju, and liberated two moles of propionic
acid and a pair of one propionic acid and one n-butyric acid in their respective
hydrolyzates. Their antibacterial activities were analogous to that of SF-837.
The physico-chemical characterization of three components established their
novelties.

In the previous papers1>2), we reported a new macrolide antibiotic SF-837, which
is a main product of Streptomyces mycarofaciens nov. sp. Further investigation of
bioactive metabolites of this strain led to the isolation of three minor components
of macrolide nature, and they are named as SF-837 A2, A3 and A4 in order of
increasing mobility on alumina TLC. In this paper, we describe the isolation and

characterization of antibiotics SF-837 A2, A3 and A4.

Isolation

A crude preparation of SF-837 complex was obtained from fermentation broth
"by the procedure employed for the isolation of SF-837. The filtered broth (150 liters)

of Streptomyces mycarofaciens was extracted at pH 8 with ethyl acetate (50 liters).
Antibiotics in the ethyl acetate layer were extracted with water (20 liters) at pH 2,
and then re-extracted with ethyl acetate (10 liters) at pH 8. Decolorization of the
final ethyl acetate extract by active carbon, and evaporation of solvent gave a solid

which was dissolved in benzene (300ml). The benzene solution was evaporated to
dryness to afford a crude preparation (62 g, 720 mcg/mg).

TLGof this crude preparation revealed, in addition to a main spot due to SF-837,

Table 1. Rf Values of antibiotic SF-837 A2, A3 and A4 on thin-layer chromatograms
S o lv e n t sy s te m S F -8 3 7  A 2 S F - 8 3 7  A , S F - 8 3 7  A 4 S F -8 3 7

S i l i c a  g el  T L C B e n z e n e - a ce to n e (2 : 1 ) 0 . 5 1 0 . 5 0 0 . 5 5 0. 45

A l u m i n a  T L C E t h y l a c e ta te - b e n z e n e  (2  : 1 ) 0 . 4 0 0. 45 0. 52 0. 34
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Chart 1. Separation and purification of antibiotic SF-837 A2, A3 and A4
Crude preparation 60 g (720 mcg/mg)

Counter-current distribution
benz ene and 0.3 M phosphate buffer (pH 4.1)

7 transfers

I                       I
T u be N o. 1                     T u bes N o. 2~ 4

eva poration                     ev ap oration

S o l i d  8 . 3  g                   S o l i d  3 6  g

   silica gel
   chrom atog raph y

silica g el ch rom atog raph y v¥f*r¥'7(*r-¥(ｱ ｰ
b en zen e - aceton e (4 : 1) (4 : 1)

   SF -837
   2 4 g

I                                 I
A 4  f r a c t i on s       A 2  an d  A o  f r a c t i on s          SF - 8 3 7  f r a c t i on s

 ev a p or a ti o ns F - 83 7  A 4      a l um i n ac h ro m at o g ra p hy    e v ap o r at i on s F -8 3 7

1 8 0  m g              e t h y l  a c e t a t e  -  b e n z e n e      2 . 6  g
(1 :1, 2 :1)

I
A o fraction s

ev aporation              ev aporation

S F - 8 3 7  A ,                 S F - 8 3 7  A 9
2 8 0  m g                  2 1 0  m g

three minor spots of Rf values higher than that of SF-837. Rf Values of three minor
components (SF-837 A2, A3 and A4) are shown in Table 1 together with those of
SF-837.

In order to remove SF-837 that was a main component of this crude mixture,
the complex (60g) was subjected to a counter-current distribution using a solvent

system of benzene and 0.3M phosphate buffer of pH 4.1. Two liters of each solvent
were used, and the displacement of the buffer layer was effected 7 times. Most of

SF-837 was transferred into Nos. 2~4 tubes, while SF-837 A2, A3 and A4 remained in
the No. 1 tube. Evaporation of the No. 1 fraction gave a white powder (8.3g),

from which the individual components, SF-837 A2, A3 and A4, were isolated by column
chromatography over silica gel (700 ml) developing with benzene-acetone (4:1).
Effluents were collected in 50ml fractions. SF-837 A4 was eluted first in fractions

Nos. 25~28, and evaporation of the solvent gave 180mg of the pure antibiotic as a

white powder. SF-837 A2 and A3 were found in fractions Nos. 36~52 as a mixture
accompanied with a small amount of SF-837. Evaporation of solvent gave 2.1 g of

the mixture. From fractions Nos. 64~86 were obtained 2.3g of SF-837. More of
SF-837 (24 g) was recovered from Nos. 2~4 tubes of the counter-current distribution
after chromatographic purification over silica gel.

A mixture of SF-837 A2 and A3 (2.0g) described above was dissolved in benzene
(10ml), and applied to an alumina column (200ml), which was developed with a
solvent mixture of ethyl acetate-benzene (1 :1). Effluents were taken in fractions

of each 20ml. Evaporation of fractions Nos. 52~76 yielded pure SF-837 A8 as a
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Fig. 1. UV spectra of antibiotic SF-837 A2, A3
and A4 (in ethanol)
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white powder (280 mg). After frac-
tion No. 90, the developer was
switched to ethyl acetate-benzene
(2 : 1), and evaporation of fractions

Nos. 115-132 gave a white powder
of SF-837 A2 (210 mg).

Separation procedure of each

component is summarized in Chart
1.

Properties

Antibiotics SF-837 A2, A3 and

A4 have solubilities similar to that

of SF-837, i.e., they are soluble in

methanol, ethanol, acetone, chloro-

form, ethyl acetate, butyl acetate,

benzene, ethyl ether and acidic

water, but almost insoluble in n-

hexane, petroleum ether and water.
Table 2 summarizes the phy-

sical and chemical properties of
SF-837 A2, A3 and A4. These three
components showed similar melt-
ing points, pKa' and elemental

analyses.

It was found, however, that

the UV spectrum of SF-837 A2 was considerably different from those of SF-837 A3
and A4. As seen in Fig. 1, SF-837 A2 shows a strong maximum at 232m/i, as SF-837
does, whereas SF-837 A3 and A4 exhibits a strong maximumat 280mju, ca. 50m^
being red-shifted.

The difference between SF-837 A2 and the other two components were further

Table 2. Physical and chemical properties of antibiotic SF-837 A2, A3 and A4
S F - 8 3 7 A 2 S F - 8 3 7  A , S F - 8 3 7 A 4

M eltin g- p o in t 1 2 5 - 12 8 -C 1 2 2 ~ 1 2 5 -C 1 2 0 ~ 1 2 2 -C

U V  m a x . 2 3 2 m ju  (E j*  3 2 0 ) 2 8 0 m /u ( E J*  2 9 5 ) 2 8 0 m ^  ( E J*  2 8 5 )

R o ta tio n  [a ] ｣ - 68 - (c 1 , E tO H ) - 4 4 - (c 1,  E t O H ) - 4 0 - ( c 1,  E tO H )

p K a '  ( 5 0  %  a q u e o u s  E t O H ) 6.9 7.0 7. 0

M o le c u la r  w e ig h t
( M a s s s p e c tr o m e tr y )

M o le c u la r  fo r m u la

8 2 7 8 1 1 8 2 5

C 42H 69N O IS C 41H 65N O 15 C 42H 67N O 15

F o u n d

C a lc d .

C  6 0 . 5 8 ,  H  8 . 8 5 , C  6 0 . 5 3 ,  H  8 . 2 3 , C  6 0 .5 3,  H 8 .5 2 ,
N  1.7 2 . N  1. 8 7 % N  1. 7 3 %

C  6 0 . 9 4 ,  H  8 . 3 8 , C  6 0 . 6 7 ,  H  8 . 0 1 , C  6 1 .0 9 , H  8 .1 2 ,
N  1. 6 9. N  1. 7 3. N  1. 7 0
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Fig. 2. IR spectra of antibiotic SF-837 A2, A3 and A4
(KBr pellets)
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Fig. 3. Gas-liquid chromatograms*
of alkaline hydrolysate** of anti-
biotic SF-837 A2 ( ) and
standard fatty acids ( ).

1. acetic acid
2. propionic acid
3. isobutyric acid
4. n-butyric acid
5. isovaleric acid

* GLCwas conducted with a Hewlett-
Packard Model Gas Chromatograph

with flame ionization detector and
with a U-shaped glass column (0.4
x180 cm) packed with Chromosorb

101 (60/80 mesh, Johns-Manville,

USA). The carriedgas was helium
at a flow rate of 40ml/min. Oven

temperature was 200°C.
** A solution of antibiotic SF-837 A2

(5mg) in 0.1 n ethanolic sodium hy-
droxide (0.5ml) was heated at 75°C
for 40 minutes and evaporated to

dryness. The residue was dissolved
in 2M phosphoric acid (0.1ml) and

1[A of this solution was analyzed
by GLC.

Sodium acetate and sodium isobuty-
rate were used as the internal
standard.

Table 3. Physical and chemical properties of acetyl derivatives of antibiotic
SF-837 A2, A3 and A4

D i a c e t y l  S F - 8 3 7  A 2 M o n o a ce ty l S F - 8 37  A * M o n o a c ety l S F - 8 3 7 A 4

A p p e a ra n c e n e ed les p lat e s p la te s

M e ltin g  p o in t 1 3 0 ~ 1 3 4 -C 1 8 2 - 1 8 5 -C 1 6 6 - 1 6 8 -C

M o lec u la r w e ig h t
(M a ss s p e c tr o m e try )

M o le c u la r fo r m u la

9 1 1 8 5 3 8 6 7

C 46H 73N O 17 C 43H 67N O 16 C 44H 69N O ie

F o u n d C 6 0 . 1 8 ,  H 7 . 6 5 ,  N l . 6 2 : 牀60. 7 2 ,  H 8 . 2 3 ,  N l . 6 8 J C 6 0 . 5 2 ,  H 7 . 7 3 ,  N l . 5 7 J

C a lcd . C 6 0 . 5 7 ,  H 8 . 0 6 ,  N l . 5 3 I C 6 0 . 4 7 ,  H 7 . 9 0 ,  N l . 6 4 t C 6 0 . 8 8 ,  H 8 . 0 1 ,  N l . 6 1 :

recognized in the IR spectra illustrated in Fig. 2. The IR bands characteristic of
SF-837 A3 and A4 were found at. 1600cm"1, 1640cm"1 and 1680cm"1. These bands

are not present in the spectrum of either SF-837 A2 or SF-837.
Acetylation of SF-837 A2 with acetic anhydride in pyridine at room temperature

gave the crystalline di-O-acetyl derivative, whose physico-chemical properties are
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Table 4. Antibacterial spectra of antibiotic SF-837 A2, A3 and A4 by broth dilution method
T e s t o r g a n ism s    M .I.C . (m c g /m l)sF-837    A4

M e d iu m

S t a p h y l o c o c c u s  a u r e u s  F D A  2 0 9 P           0 .  3 9 0.  39 0 .  3 9     0 .  3 9 1

ft p e n ic illin - R 0.  78 0. 39 0. 39 0. 39 1

tf streptomycin-, andA-249 substance-R   0. 39 0. 39 0. 39 0.  78 1

/ / no vob io ci n- Rn  k an am yc in -R   3. 12 51 .56 3 . 1 2 5

0. 78

3 . 1 2 5 3 . 12 5

0 . 7 8  0 .7 8

1

1

S m it h

T e r a jim a

0 . 1 9

0. 78

0. 09

0. 39

0 .1 9  0 .1 9

0 . 7 8 0 . 7 8

1

1

streptomycin-, tetracyc-line- and penicillin-R 1.56 0. 78 1. 5 6 1. 5 6 1

B a c i l l u s  s u b t i l i s  A T C C  6 6 3 3               0 .  3 9 0 . 1 9 0 .  3 9     0 .  3 9 1

S a r cin a lu tea 0. 09 0. 05 0. 09 0. 09 1

M y c o ba cter iu m  s m eg m a tis A T C C  6 0 7       2 5 . 0 1 2. 5 2 5 . 0    2 5 . 0 2

Medium : 1=Bouillon, 2=Glycerine bouillon

given in Table 3. UVand IR spectra of diacetyl SF-837 A2 are also close to those
of diacetyl SF-837.

Alkaline hydrolysis of SF-837 A2 with 0.1 N ethanolic sodium hydroxide followed
by GLCas described in the preceding paper1}, showed liberation of one mole of
propionic acid and one mole of ^-butyric acid (Fig. 3). It was suggested from these
data, that SF-837 A2 might be a homologue of SF-837, with a ^-butyryl group in

place of a propionyl group. This was confirmed by the structural study3).

SF-837 A3 and A4 seemed to be closely related compounds, since they showed
almost identical UVand IR spectra. Comparison of molecular weights and mole-
cular formulae of both compounds revealed that SF-837 A4 contained one more

methylene (CH2) in its molecule than SF-837 A8. GLGDetermination of fatty acids
liberated by alkaline hydrolysis indicated that SF-837 A3 contained two propionyl
groups, and that SF-837 A4 contained one propionyl group and one ^-butyryl group.

Thus, the difference between the two components (A3 and A4) could be ascribable to
the difference of acyl groups on the side chain.

Acetylation of both components with acetic anhydride in pyridine gave the

respective crystalline monoacetates, in contrast to SF-837 and SF-837 A2 that afforded
diacetates under the same condition. The physicochemical properties of these mono-
acetates are listed in Table 3.
As evidenced by comparison of molecular formulae, SF-837 A3 has two hydrogens

less than SF-837, and therefore, is assumed to be a dehydrogenated product of SF-

837. Actually, SF-837 was converted into SF-837 A3 by a manganese dioxide oxidation
as will be reported in a subsequent paper3). Similarly, SF-837 A4 has two hydrogens

less than SF-837 A2 and is correlated with SF-837 A2 by converting the latter into
the former by a manganese dioxide oxidation3).

The antimicrobial spectra of antibiotics SF-837 A2, A3 and A4 are identical
with that of SF-837, and they are equally active as shown in Table 4. Oral
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Table 5. Comparison of Rf values of antibiotic SF-837
A2 and related macrolides on alumina thin
layer chromatogram

Solvent: ethyl acetate

Macrolide Rf Macrolide Rf

SF-837 A2 0. 84 Leucomycin A5 0. 05
SF-837 0. 78 // A7 0. 01

Josamycin 0. 65 ti A9 0. 02

Leucomycin A3 0. 65 Tertiomycin A 0. 61
a A4 0. 60 // B 0. 64

'/ A6 0. 57 Spiramycin I 0. 05

// A8 0. 53 // II 0. 12

// Aj 0. 08 u Ill 0. 18

Fig. 4. Comparison of antibiotic SF-837 A3 and A4
with other related macrolides on thin-layer

chromatograms.

alumina TLCdeveloped with ethyl acetate -
benzene (2 : 1)
silica gel TLC developed with benzene-
acetone (2 : 1)

CMB: Carbomycin B
NM: Niddamycin
TS: Tylosin

0.6

SF-837 SF-837 CMB NM
A3 A4

SF-83?SF-837 CMB NM
A3 A4

administration of 5,000 mg/kg
of each component to mice
caused no death, indicating
low toxicities.

Discussion

It is apparent from the data
presented above that SF-837 A2,
A3 and A4 are basic macrolides.
SF-837 A2 shows a strong UV
maximumat 232mju,, and there-
fore belongs to subgroup c1} that
includes the Ieucomycins4>5'6>7),
josamycin8), the spiramycins9), the
tertiomycins10'11) and SF-8371).

Table 5 indicates comparative
Rf values obtained from TLC
developed under the same condi-
tion of SF-837 A2 and other
macrolides. Among them, SF-
837 A2 showed the highest Rf
value, thereby being differen-
tiated from other macrolides.
Furthermore, there has been no

report on the isolation of a mac-
rolide bearing a pair of one pro-
pionyl group and one w-butyryl

group in its molecule.
SF-837 A3 and A4 exhibit a

strong UV band at 280mju, and
therefore belong to subgroup
b1}, like carbomycin B12), nidda-
mycin13), tylosin14), relomycin15)

and macrocin16).
Table 6 shows the physico-chemical properties of known macrolides belonging to

subgroup b. With regard to molecular weights and molecular formulae, SF-837 A3 and
A4 are clearly different from tylosin, relomycin and macrocin. In this respect, carbomycin
B and niddamycin are more closely related to SF-837 A3 and A4.

Differentiation of antibiotic SF-837 A3 ane A4 from carbomycin B and niddamycin
was accomplished with TLC as shown in Fig. 4. Moreover, comparison of volatile
carboxylic acids obtained on hydrolysis clearly shows that neither carbomycin B nor

niddamycin should give propionic acid and /z-butyric acid as SF-837 A3 and A4 did.

Table 6. Properties of known macrolides having a UVmaximumat ca. 280 mju,Molecular formulaAntibiotic M.P.(°C) UVmax(nvO M.W.Md Acyl group on side chainCarbomycin BNiddamycinTylosinRelomycinMacrocin141-144
132-134
128-132
172-175
134-136
278 (E}*m 276)

279 (Ej*m 275)284 (E}*m 245)
282 (Ej*m 245)

283(Ej*m244)C42H67O15N
C40H65OuN
C45H77O17N
Q5H79O17N
C46H79O17N

825
783

907
909921

-35
-43

-46
-44
-52.5

acetyl and isovaleryl groupsisovaleryl group



482 THE JOURNAL OF ANTIBIOTICS JULY 1971

Thus, the novelties of these three macrolides (A2, A3 and A4) were established. Further
support of this came from structural studies, which are the subject of a subsequent paper3).
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