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Senfolomycins A and B (Antimicrob. Agents Chemother. -1965: 828~ 831, 1966) are two
antibacterial agents with physico-chemical and biological properties similar to those of paulo-
mycin. Recent studies indicate that senfolomycin A (C29H36N2O16S5MW700) has molecular
composition and fast atom bombardmentMSfragmentation pattern identical to those of
paulomycin E. Extensive NMRwork indicates that the two antibiotics, which have been

separated by HPLCand TLC, differ only in the stereochemistry of the OCH3group present
in their respective sugar moieties. Indirect evident suggests that senfolomycin B is dihy-
drosenfolomycin A (C29H38N2O16S, MW702) and in this respect it is related to paulomycin F.
The proposed structures for senfolomycins A and B are discussed.

Previous publications discussed paulomycins A and B1} which are the main components of the
antibiotic mixture produced by Streptomyces paulus. The minor components, paulomycins A2, C, D,
E, and F were discussed recently.2) The present paper details the studies which helped to elucidate
the structural relationship of paulomycins and senfolomycins A and B, two antibiotics reported in 1965
by Mitscher and his co-workers.3)

Exp erimental
Assay and Testing Procedures

The purification of antibiotics was measured by a microbiological disc-plate assay procedure with
Micrococcus luteus as the assay organism.

TLC Procedures
The antibiotics were separated by TLCusing Brinkman's cellulose-coated plates and pH 7.0,

0.1 m phosphate buffer as the mobile phase. Bioactive materials were observed by bioautography on
M. luteus-sQodQd agar trays.

Analytical HPLC
All HPLCchromatography was carried out with a Varian Model 5560 (Varian Instruments,

Sugar Land, Texas) instrument equipped with a LKB Rapid Spectral Detector (LKB, Broma, Sweden).
A Zorbax C-8 25 cm x4.6 mmstainless steel column packed with C-8 (6 jum) reverse phase silica was
used. The chromatogram was run isocratically using water - THF- acetonitrile (3 : 1 : 1) containing
0.25 m acetic acid, as the mobile phase. A 10-^1 sample was usually injected.

Spectroscopic Methods
UVspectra were obtained in methanol using a Perkin-Elmer Lambda7 spectrophotometer, IR

spectra were run in Nujol mull using a Digilab FTS-ISE spectrometer. TONMRspectra were re-
corded on a Varian XL-200 spectrometer operating at 200 MHz. Solutions (ca. 0.4 ml, ca. 0.25 m)

f Dr. A. D. Argoudelis and Dr. P. F. Wiley, leaders in the studies of the paulomycin family of antibiotics
died on July 19, 1988, and Sept. 15, 1987, respectively. This paper is dedicated to their memory.
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of the compoundsin deuterated chloroform or acetone were used. 13C NMRspectra were recorded
on a Varian CFT-20 spectrometer operating at 20.0 MHz. TO and 13C NMRchemical shifts are
reported as ppm relative to TMS.Negative ion MSwere obtained on a V. G. Analytical ZAB-2F
high-resolution (HR) mass spectrometer using a fast atom bombardment (FAB) source. Bombarding
gas, xenon, accelerating voltage 7.0 KeV; matrix, tetraethylene glycol (Aldrich Chemical Co.,
Milwaukee, WI, U.S.A.).

Materials
Paulomycins E and F were obtained as described by Argoudelis et alP Senfolomycin A was

provided by Lederle Laboratories, a division of Cyanamid Go., U.S.A.

Results and Discussion

In 1976, Wiley reported the isolation of paulomycin4) from fermentations of S. paulus strain AT-
111 (UC 5231, NRRL8115) which was later found to be a mixture of paulomycins A and B in almost
equal amounts. Wiley noted and discussed the similarities between paulomycin and senfolomycins
A and B, two antibiotics reported in 1965 by Mitscher and his co-workers at Lederle Laboratories.3'^
The properties of paulomycin and senfolomycins A and B as reported by Wiley and Mitscher are
shown in Table 1. The analytical values could not differentiate these compounds. The molecular
weights and formulas reported were estimated from N or S determination and could not be used for
identification purposes. The UVand IR spectra were very similar and, like in the case of the paulo-
mycin complex, cannot be used for differentiation of these antibiotics.

Paulomycin and senfolomycins A and B have negative rotations in methanol. However, paulo-
mycinexhibits positive rotation whenchloroform wasused as the solvent while senfolomycin A has
increased negative rotation in chloroform. No rotation value was reported for senfolomycin B in
chloroform. This presented the first evidence that paulomycin is different from senfolomycin A.
Wiley also compared paulomycin to an authentic sample of senfolomycin A by TLCand he was able
to separate these compoundson silica gel using methyl ethyl ketone - acetone - water (70 : 20 : ll) as
the mobile phase. Paulomycin movedin this system faster than senfolomycin A. Senfolomycin B
was not available for comparison. However, the differences in optical rotation in methanol, -34.9°
for paulomycin vs. -60° for senfolomycin B indicated that they were not same. Furthermore, senfolo-
mycin B is more polar than senfolomycin A and is expected to movemuchslower than senfolomycin

Table 1. Physical and chemical properties of paulomycin and senfolomycins A and B.
Paulomycin Senfolomycin A Senfolomycin B

Anal C:

H:
N:

S:

MW(estimates)
Molecular formulas

(estimates)
uv ;u* (a)
IR

Mr

51.00

5.53

3.50

4.01

800

C34H44N2SO18

239 (17.3), 275 (12.2),

321 (12.2)

3560, 2050, 1730, 1700,

1690 (sh), 1620

-34.9° (c 1.0, MeOH)
+9.3° (c 1.0, CHC13)

49.66

5.28

3.81
4.57

800- 828
C33~35H40~44N2SO19

236 (23.0), 277 (15.4),

322 (13.6)

3335, 2040, 1739, 1695,

1639, 1626

-58.0° (c 0.9, MeOH)
-67.5° (c 0.9, CHC13)

49.15

5.71
3.93

4.44
714- 720

236 (22.0), 277 (15.5),
322 (14.0)

3389, 2044, 1739, 1695,
1626, 1590

-60.0° (c 0.9, MeOH)
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Fig. 1. FAB-MS spectra of paulomycin E (C29H36N2O16S) (A) and senfolomycin A (C29H36N2O16S) (B).
(A)

A as the TLCsystem mentioned earlier and therefore to separate easily from paulomycin.
The production of the paulomycin complex by S. paulus strain 273 (UC 5142, NRRL12251) and

the isolation and separation of paulomycins A, A2, B, C, D, E, and F gave us the opportunity to re-
examinethe relationship of paulomycins to senfolomycins. As reported in previous papers,1>2) all
paulomycins have negative rotation in methanol but positive in chloroform. Anauthentic sample of
senfolomycin A run under identical conditions gave negative values in both solvents, as reported by
the Lederle workers. Therefore, senfolomycin A can be differentiated from all paulomycins on the
basis of the optical rotation behavior.

FAB-MSdifferentiated all known paulomycins, execpt paulomycin E, from senfolomycin A.
Fig. 1 presents the FAB-MS spectra of paulomycin E2) (upper part) and senfolomycin A (lower part).
Simple inspection shows that the two spectra are practically identical. The molecular compositions of
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Fig. 2. HPLCcomparison of paulomycin E and senfolomycin A.

both antibiotics was found by HR-MSto be
the same C29H36N2O16S. The HPLC and TLC

comparisons of paulomycin E and senfolomycin
A are presented in Figs. 2 and 3. The two

antibiotics easily separated on a Zorbax stainless
steel column packed with C-8 reverse phase

silica. The chromatogram was run isocratically
using water - THF - acetonitrile (3 : 1 : 1) contain-

ing 0.25m acetic acid, as the mobile phase.

Paulomycin E had a retention time of ca. 6.5
minutes. The antitibiotics were also separated

on cellulose TLCplates using pH 7.0, 0.1 m
phosphate buffer. The bioactive materials were
observed by bioautography on M. luteus-seoded
agar trays. Paulomycin E, like in the HPLC
comparison described earlier, is more polar than
senfolomycin A.

All paulomycins and senfolomycin A gave
negative ion FAB-MSwhich are almost identical at the low mass (below m/z 360) area of the spectra.
Fig. 4 presents major ions commonto all paulomycins and senfolomycin A and their structural assign-
ment. These ions, obtained by fragmentation of paulomycins A and B were mass measured to ions
of the matrix (tetraethylene glycol). All ions are derived from the aglycone part of paulomycins.

Fig. 3. TLC separation of paulomycin E and
senfolomycin A.

1,3,5: Senfolomycin A at 5, 10, and 20/*g re-
spectively.

2,4,6: Paulomycin E at 5, 10, and 20[*g re-
spectively.
Cellulose, pH 7.0, 0.1 m phosphate buffer;

bioautography on Micrococcus luteus-SQQdcd agar
trays.
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Fig. 4. Ion fragments observed in the negative ion HRFAB-MSof paulomycins and senfolomycin A.

The ions in the upper part of Fig. 4 originate from the paulic acid area which contains the isothio-
cyanate group. The ions in the lower part of the Fig. 4 result from ring A-ring B fragmentation.

The mass spectral results indicate that both paulomycin E and senfolomycin A contain the same
moiety 1 which is responsible for the characteristic UVand IR spectra of these compounds. This
conclusion agrees with the XHNMRdata tabulated in Table 2. Furthermore, the ^ NMRstudies
establish that the stereochemistry at C-8, C-9, C-10, C-ll, and C-12 is identical in both antibiotics.

The 13G spectrum of senfolomycin A obtained at 50 MHzis shown in Fig. 5. The multiplicity of
the peaks shown in Table 3 was determined by a DEPTexperiment. The peak at approx d 143 is due
to the carbon of the isothiocyanate group. The small height of this peak is caused by a long relaxa-
tion time for this carbon and can be increased by using a two second delay between pulses. A total
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Table 2. 1H NMRdata on the aglycone (1) part of paulomycin Ea and senfolomycin A.b

Paulomycin E Senfolomycin AAssign- å 

^^ (Sm MultiPlicityd já" <Sft©1 Multiplicity- /(Hz)

8^H 3 /70 d /9=10. 10 Jjfl d /9=10. 30
9-H 3.51 ddd /OH=8.20, 3.56 dd /8-10. 30,

/8=10.10, /10=2.93

/10=2.47

10-H 4.31 t /9=2.47, 4.45 t /0=2.93,

/n=2.47 /u=2.93

ll-H 4.69 dd /10=2.47, 4.75 dd /10=2.93,

/i2=10.24 /12=10.09

12-H 4.16 ddd /n=10.24, 4. 14 dt /n-10.09,

/isA=4.43, /1S=3.42

/i3B=2.44 __^

a The 1H NMRspectrum of paulomycin E was obtained in CDC13on a Bruker WM-500operating at
500MHz.

b The :H NMRspectrum of senfolomycin A was obtained in CDC13on a Varian XL-200 spectrometer
operating at 200 MHz.

c For proton assignment see 1.
d Multiplicity: d=doublet, t=triplet, dd=doublet of doublets, ddd-doublet of doublets of doublets,

dt=doublet of triplet.

of 29 carbons were counted in agreement with FAB-MSdata.
Table 3 presents the 13C chemical shifts of senfolomycin A and paulomycin E. Carbons 1 ~ 13

have been assigned to part of the aglycone (1) of these antibiotics which as mentioned earlier is iden-
tical. Carbons 1" to 5" are the five carbons of the isothiocyanate-containing unsaturated acid which
we call paulic acid. Carbons 1"" and 27/// are the two carbons of the acetate group attached to the
C-13 of 1. Carbons Y to 8' are the eight carbons present in the sugars of senfolomycin A and paulo-
mycin E. All carbon shifts in the two molecules, except for those associated with the sugars differ
by less than 3 1.3. The down field shift of C-Y and C-5' in senfolomycin A suggests a change in stereo-

chemistry in C-3'.
Since the structural differences between paulomycin E and senfolomycin A reside in the sugar
moieties of the respective antibiotics we will discuss in detail the XHNMRstudies which yielded the
structure of these sugars. Fig. 6 lists the chemical shifts observed in the 13C and XHNMRspectra of
both paulomycin E and senfolomycin A. Let us consider first the data on paulomycin E. l'-H has
two small couplings to the two protons at C-2' and is therefore equatorial. 3/-H is a doublet of dou-
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Fig. 5. 13C NMRspectrum of senfolomycin A.

Table 3. Chemical shifts observed in the 13C NMRspectra of senfolomycin A and paulomycin E.
Carbon No. a Senfolomycin A Paulomycin E Multiplicity A

1 169.15 169.10 s -0.05

2 157.97 158.06 s +0.09

3 100.ll 99.58 s -0.53

4 197.37 197.33 s -0.04

5 47.66 47.57 t -0.09

6 77.80 77.71 s -0.09

7 187.65 187.64 s -0.01

8 79.51 78.30 d -1.21

9 68.30 68.80 d +0.50
10 78.80 77.90 d -0.90

ll 69.57 69.72 d +0.15

12 72.54 72.09 d -0.45

13 61.71 61.70 t -0.01

Y 95.98 99.81 d +3.83

2' 26.08 29.83 t +3.75

3' 70.72 75.44 d +4.72

3'a 56.65 56.77 q +0.12

4' 77.99 81.23 s +3.24

5' 63.84 68.96 d +5.12

6' 14.80 14.63 q -0.17

r 209.50 211.76 s +2.26

8' 27.62 27.25 q -0.37
Y' 160.21 160.20 s -0.01

2" 122.89 122.80 s -0.09
3" 136.65 136.57 d -0.08

4" 14.23 13.92 q -0.31

5" 142.80 143.27 s +0.47

Y'" 170.69 170.83 s +0.14

2"" 20.74 20.61 q -0.13

a For numbering of carbons see Fig. 8.
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Fig. 6. 13C and XHNMRdata on the sugar moieties of paulomycin E and senfolomycin A.

Assi Paulomycin E Senfolomycin A
ment 13C((5) iH(<5,/inHz) 13C(<5) XH(<5,/inHz)

P 99.81 5.00,/2'B=3.59,/2'A<l 95.98 5.30,/2'=2.31

2'A 2.23,/2>B=13.22, JV<l,/3'=5.05 2.18, ^=2.31,
2'B 29'83 1.96,/8,A=13.22,^=3.59, 26'°8 /,«2.86

/3'=11.70

3' 75.44 4.07, /2'A-5.05, /2'B=11.70 70.72 3.34, /2/=2.86
3'a 56.77 3.56 56.65 3.44

4' 81.23 - 77.99 -

5' 68.96 5.30, /8'=6.38 63.84 4.58, /6'=6.38
6' 14.63 1.08, /5'=6.38 14.80 1.00, /5'=6.38

T 211.76 - 209.50 -

8' 27.25 2.33 27.62 2.32

Fig. 7. Nuclear Overhauser experiments on senfolomycin A.

blets with a large diaxial coupling of ll.70 Hz to one of the proton at C-2' and therefore it is axial.
This requires that the OCH3attached to C-3' of paulomycin E, like that of paulomycins A and B,6) is
below the plane of the sugar. In senfolomycin A the l'-H couplings are less than 3 Hz indicating that
the r hydrogen is still equatorial. The 3' hydrogen in this molecule is now a triplet with a / of 2.86
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Fig. 8. Structures of paulomycins A, E, and F and senfolomycins A and B..

Hz which means that the 3' hydrogen is equatorial and therefore the OCH3group attached to C-3'
is axial and above the plane of the sugar. The XHshifts for 6/-H of d 1.08 and 1.00 and the 13C shifts
for C-6' of 14.63 and 14.80 for paulomycin E and senfolomycin A respectively indicate the same stereo-
chemistry for the C(6')H3. These results agree with the C-13 data which also suggested a difference
in stereochemistry at C-3' of the sugars of senfolomycin A and paulomycin E.

The remaining question in regard to the structure of the senfolomycin sugar is the relative stereo-
chemistry of the acetyl and hydroxy groups attached at C-4'. A nuclear Overhauser effect (NOE),
which is a measure of howclose in space two groups are, can be seen at the acetyl methyl (attached at
C-4') when 5'-H is irradiated (Fig. 7). Likewise, an NOEcan be seen at 5'-H when the acetyl methyl
at C-4' is irradiated. This confirms that the acetyl group is equatorial and the OHis axial at C-4'.
Therefore, the only difference between the structures of paulomycin E and senfolomycin A is the
stereochemistry of the methoxy group attached at C-3' in the sugar moieties of these antibiotics (Fig.
8). Regarding senfolomycin B we know that it is more polar than senfolomycin A and that, like
senfolomycin A, shows strong negative rotation in methanol. Analytical data do not help in deter-
mining molecular composition but the UVand IR spectra of both senfolomycins are identical. These
spectral data suggest that senfolomycin B also contains 1, that is the aglycone moiety present in paulo-
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Fig. 9. m NMRspectraa of senfolomycins A (A) and B (B).

mycins and senfolomycin A. This would mean
that the difference in structures between senfolo-
mycins A and B resides in the sugars.

Fig. 9 presents the XHNMRspectra of
senfolomycins A and B as reported by DeVoe
and his co-workers in a U.S. Patent.5) The main
features in the proton spectrum of senfolomycin

A are signals due to 3 protons at 3 3.35 assigned to the methoxy group present in the sugar. A
singlet of 3H at 32.35 is due to the acetyl group at C-4' of the sugar, a singlet of 3H at 32.1 is due
to the 13-0-acetate present in both senfolomycins and paulomycins, a doublet of 3H at 3 1.9~2.05
is due to the methyl group of the paulic acid and finally a doublet at 3 1.05 is due to the three
proton of the C-3' methyl group of the sugar of senfolomycin A.

The XHNMRspectrum of senfolomycin B is quite similar to that of senfolomycin A with the
exception that the absorption at 3 2.35 due to the acetyl group at C-4' of the sugar is missing. Instead,
an unresolved broad absorption at 3 1.2~ 1.4 ppmdue to six protons is present. This can be explained
if we assume that the acetyl group at C-47 of senfolomycin A has been reduced and that the broad ab-
sorption at 5 1.2~ 1.4 is due to the 6'- and 8'-methyls of the senfolomycin B sugar. Therefore, senfolo-
mycin B is dihydro-senfolomycin A and the relationship between senfolomycins A and B parallels
that between paulomycins E and F respectively (Fig. 8).
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Table 4. Antibacterial spectra*>b of paulomycins A and E and senfolomycin A.

SEPT. 1988

MIC O*g/ml)
Organism

Paulomycin A Paulomycin E Senfolomycin A
Staphylococcus aureus UC 9218
S. aureus UC 3665
S. aureus UC 6685
S. aureus JJC 9213
S. epidermidis UC 30031
S. faecalis UC 694
S. pneumoniae UC 41

0.06

0.125

0.125

0.125

0.06

0.5

0.06

0.25

1

0.5

0.5
0.5

4

0.06

0.125
0.5

0.25

0.25

0.125

4

0.125

a Test method: Agar dilution, pH 6.0.
b In vitro antibacterial data were provided by Mr. G. E. Zurenko and Betty H. Yagi of The Upjohn

Company.

Sugar component 2 is present in quinocycline B and isoquinocycline B while sugar 3 is part of the
quinocycline A, isoquinocycline A molecules.7) Therefore, the 3-0-methylated forms of sugars 2 and
3 are present in senfolomycin A and senfolomycin B, respectively.

Biological Properties of Paulomycins A, E, and Senfolomycin A
The in vitro antibacterial spectrum of paulomycins A, E and senfolomycin A against selected

organisms is presented in Table 4. Senfolomycin A, like the paulomycins, is mainly active against
Gram-positive organisms especially Staphylococcus aureus including strains resistant to penicillin,
streptomycin, neomycin, macrolide and lincosaminide antibiotics. Senfolomycin A is more active
than paulomycin E and less active than paulomycin A against the test organisms recorded in Table 4.
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