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Introduction

Biological Activity of Polyketide-Derived Natural Products

Polyketide-derived compounds abound in both prokaryotes and
eukaryotes where they play an amazing variety of roles. They owe their
chemical diversity both to the programming of the polyketide synthase and to
the events occurring after chain assembly, such as formation of aromatic, ether,

or macrolide ring systems, addition of moieties such as methyl groups, terpene
chains or sugar residues, and many others.

The polyketide-derived compounds have a very wide spectrum of
bioactivity.

Adriamycin, 3, an anthracycline isolated from Streptomyces

peucetius is clinically used as an antitumor agent.2 Oxytetracycline, 4, one of
the tetracyclines discovered in 1951, has a broad spectrum of antibiotic activity.

Aquayamycin, 5, is an active inhibitor of the biosynthesis of noradrenaline and

adrenaline.3 Kerriamycin B, 6, and C, 7, and aggreticin, 8, are inhibitors of
platelet aggregation.4

The latter antibiotics, 5-8, belong to the angucycline group, which is
comprised of more than one hundred secondary metabolites of microbial origin.

The name angucycline or angucyclinone refers to the characteristic four-ring
frame of the aglycone moiety, which is assembled in an angular manner.5
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Figure 11 Examples of Biologically Active Polyketides.

Kinamycin D Biosynthesis

Kinamycin A, B, C, and D, 9a-d, isolated from Streptomyces
murayamaensis, possess modest antitumor properties and antibiotic activity
against Gram- positive organisms. They were originally characterized by Omura

and

co-workers6-8 as benzo[b]carbazoles on the basis of chemical,

3

spectroscopic, and X-ray crystallographic data.9 The structures recently have
been revised as the diazo-substituted benzo[b]fluorenes shown.10,11

9a. Rj = R2= R3 = Ac; R4 = H

9b. R2=Ac;R1 =R3= R4=H

9c. Ri =R3=R4=Ac;R2=H
9d. R1=R3=Ac;R2=R4=H

Kinamycins are derived from acetate apparently through a decaketide

10, which transforms to the benz[a]anthraquinone 11.12-14 Metabolism of
dehydrorabelomycin, 11, to a quinone 12, followed by reduction to the
hydroquinone 13 and a biological Friedel-Crafts cyclization would yield the
fluorene system of the kinamycins (Scheme 1.1).
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Scheme 1.1: Proposed Pathway of Kinamycin Biosynthesis.

Studying the kinamycin biosynthetic pathway has been targeted in many
ways.

One strategy involved isolation and characterization of metabolites

related to the kinamycins from fermentation broths of Streptomyces
murayamaensis. This type of strategy has been shown to be quite successful in

biosynthetic studies of secondary metabolites.15,16 By changing the
fermentation conditions (temperature, media, and time) different metabolites
may accumulate. In the kinamycin studies, this led to the characterization of a

5

number of putative intermediates (prekinamycin, 14, ketoanhydrokinamycin,
15, kinamycin E, 16 and kinamycin F, 17).17,18
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Figure L2 Metabolites Obtained from Cultures of Streptomyces
murayamaensis.

Secondly a strategy of biosynthetic feeding studies of putative
intermediates has also been employed. So far, dehydrorabelomycin, 1114 and

kinobscurenone, 18,19 have been incorporated into 9. The insolubility of
prekinamycin, 14, the impermeability of the cells, or both, presumably have
prevented its incorporation into 9.

A third approach used successfully in the past to study the biosynthesis

of many microbial products, including polyketide antibiotics, was the
development of blocked mutant strains.20 Isolation and structure determination
of some compounds produced by S. coelicolor mutant strains, for example, had

led to the proposal of a reasonable pathway to the antibiotic actinorhodin.21 S.

murayamaensis blocked mutants were developed with two kinds of
mutagenesis, nitrosoguanidine and germicidal UV light. Kinafluorenone, 19,

6

the first recognized biosynthetically-derived benzo[b]fluorenone, was isolated
from a mutant strain of S. murayamaensis (MC1) blocked in the biosynthesis of
kinamycins.22 Strain MC1, was isolated from amongst survivors of mutagenesis
of a wild type spore suspension with nitrosoguanidine.
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Antibiotic Biosynthesis in S. murayamaensis - Molecular Biological
Approach

Rapid progress in molecular genetic studies of Streptomyces now affords

basic information on the organization and regulation of genes concerned with

antibiotic biosynthesis in these organisms.

An important feature

in

streptomycetes is that genes for the various steps of polyketide biosynthesis

show marked tendency to clustering.20,23 This is also true of genes for the
biosynthesis of antibiotics of other chemical classes. This greatly facilitates the

isolation and characterization of all the biosynthetic genes on a pathway, once
a strategy is available to identify just one. In the case of antibiotic production,

one or more resistance genes must also be expressed in order to protect the

host cell from the biological effects of its own antibiotics, and this is usually
closely linked to the biosynthetic structural genes.24

7

Antibiotic biosynthetic genes encoding 13-lactams, aromatic polyketides,

macrolides, aminoglycosides, and modified peptide antibiotics all have been
cloned in the past decade. Some of these have been cloned by selection for
resistance genes and searching for contiguous biosynthesis genes, whereas

others have been cloned by complementation of blocked mutants.

More

recently, several antibiotic biosynthesis genes and gene clusters have been

cloned using heterologous probes to hybridize and isolate predicted genes
encoding steps in the pathway of interest.25,26

act III (a gene that encodes the actinorhodin polyketide ketoreductase of

S. coelicolor) and gra ORF1 (a gene that encodes the granaticin ketoacyl
synthase of S. vioaceorber Yu 22)27 probes were used to screen a genomic
library of S. murayamaensis (constructed in bacteriophage EMBL4 and cloned
into E. coh) and seven gene clusters positively hybridized with the DNA probes.

act III and "act III like" genes encode reductases that reduce the 13-keto group

which is located nine carbons from the carboxyl end of the assembled
polyketide chain. Since the synthesis of the polyketide chain begins at the
methyl terminus, this hypothesis would suggest that the enzyme "measures" the

assembeled polyketide and reduces the proper keto group prior to ring closure.
The reduction occurs at a carbon which is part of the first ring formed during the

biosynthesis and may be a prerequisite for efficient folding of the polyketide
chain.25,26

Interestingly, an o-phenanthraquinone metabolite, murayaquinone, 20,

has also been isolated from kinamycin producing cultures of S.
murayamaensis.28 This raises a question of whether it is produced by different

polyketide synthase or by an alternative folding of the same decaketide
precursor leading to the kinamycin skeleton.

8

OH

20

As shown in Scheme 1.2, in the biosynthesis of murayaquinone the
nascent decaketide chain should be reduced at positions 11 and 15 or 7 and 11

depending on the direction of the polyketide chain folding, while the precursor
chain of the kinamycins needs to be reduced at position 9. This suggests that

murayaquinone biosynthesis requires a different set of enzymes from that
required for the biosynthesis of kinamycins. Hence, the products of two different

polyketide pathways in S. murayamaensis are known, and the seven gene
clusters suggested more may exist.
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Scheme 1.2 Biosynthesis of Kinamycins versus Murayaquinone.
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The Use of Multiply 13C-labeled Precursors in Structure and
Biosynthesis Studies

Feeding of precursors multiply labeled with carbon-13 has been used

to investigate complex biosynthetic problems. [1,2-13C2]Acetate has been

extensively used to study terpenoid and polyketide metabolism.29-31 This
powerful method derives from the simple principle that two adjacent carbons
simultaneously enriched in carbon-13 give rise to a pair of new coupled signals

in the corresponding 13C NMR spectrum. These coupled pairs appear as

satellites about the natural abundance carbon signal, producing an easily
recognized trio of resonances. Any intervening process which breaks an intact
130-130 bond results instead in a simple enrichment of the appropriate sites in

the resulting metabolite and a corresponding enhancement of the relevant
natural abundance signals.

Cane et al.32 used a variation of the doubly labeled acetate technique
in which uniformly 13C-labeled glucose ([U-13C6]glucose) was used as in vivo

precursor of [1,2-13C2]acetyl CoA, leading to the demonstration of the
mevalonoid origin of pentalenolactone and its precursor pentalenic acid by
interpretation of the 13C NMR spectra. Logically, this methodology should be

applicable to the study of additional product metabolism. The presence of a
chain of three labeled carbon atoms derived intact from glucose should yield a

characteristic pattern consisting of two trios, corresponding to each end of the
chain, and a quintet, resulting from the central carbon atom. The quintet would
arise from the superposition of a triplet corresponding to those species in which

both neighboring carbons are labeled and a doublet resulting from those
species in which either one or the other of the adjacent carbons is enriched with
130 because the glucose enrichment was 80%. The predicted quintet pattern is

11

based on the assumption that J AB

J Bc. Similarly, a four-carbon unit could be

recognized by the resulting pattern of trio-quintet-quintet-trio.

Each of these

various coupling relationships, illustrated schematically in Figure 13, is easily

recognized by the characteristic coupling constants and should be directly
verifiable by the appropriate homonuclear 13C-13C decoupling experiments.

(A)

(B)

(C)

Figure I.3 Schematic Representation of Carbon Chain in Which Each Carbon

is Enriched with Carbon-13 and Showing the Expected NMR SpinCoupled Signal Patterns. (A) A two-carbon unit; (B) a three-carbon unit;
(C) a four-carbon unit.

The utility of such an approach was applied for shikimic acid derived
metabolites.

Shikimic acid, the apparent precursor of numerous families of

natural products, is known to be derived from glucose by the combination of an
intact four-carbon unit, erythrose-4-phosphate, and an intact three-carbon unit,

phosphoenol pyruvate.

Studies of the biosynthesis of shikimate derived

metabolites using singly labeled samples of glucose were difficult to interpret

because of the competition between alternative metabolic pathways which

result in indirect labeling of numerous additional sites in the derived
metabolites.33-34 The utilization of [U-13C6]glucose is effectively transparent to

the scrambling processes while remaining opaque to the direct incorporation of

intact biosynthetic units, regardless of the manner of their derivation from

12

glucose. Rinehart et al. had reported the use of [U-13C6]glucose to confirm the

shikimate origin of the C7N unit of pactamycin and used homonuclear
decoupling to confirm the observed labeling patterns.35 Gould and Cane had
reported the use of [U-13C6]glucose in the biosynthesis of streptonigrin.36

Rationale for Current Study

Previous studies on the kinamycin biosynthetic pathway in S.
murayamaensis involved isolation and characterization of some intermediates

obtained by manipulation of the fermentation conditions.

Developing S.

murayamaensis mutant strains led to the characterization of kinafluorenone, 19,

from mutant strain MC1.

Prekinamycin, the first compound with the 5

diazobenzo[b]fluorene skeleton in the biosynthesis pathway of KD, was
overproduced by a mutant strain MC4. Another mutant strain (MC2), isolated

from amongst the survivors of germicidal UV light treatment of a spore
suspension of the wild type strain, has no detectable antibiotic activity.3 7
Screening the strain in five different production media yielded no evidence of
kinamycin production.

Colonies of strain MC2 are very dark on soybean-

glucose agar and green in soybean/glucose liquid seed medium, whereas the
wild type is dark brown in both instances.

TLC analysis of the strain grown in oatmeal or glycerol-asparagine
media initially yielded no detectable production of kinamycin

or

murayaquinone, although during the course of present study it was discovered

that kinamycin is produced by the mutant after 8 days in oat meal production
medium in very minor quantities. HPLC analysis of the ethyl acetate extract of

13

the strain grown on glycerol-asparagine revealed that it produces
kinafluorenone.38

The objective of this study was to characterize new metabolites
produced by this mutant strain and to initiate a preliminary study of their
biosynthetic origin.

To discover unusual new metabolites from microbial

sources, either biological or chemical screening was applied. Since we were

expecting intermediates or some other metabolites of unknown biological
activity, chemical screening using TLC and HPLC with a UV detector was used
to look for new metabolites produced by the mutant.

In comparison with the wild type strain MC2 makes a number of new
metabolites in a wheat medium, four of which were targeted for this study:

(1) A metabolite with UV spectrum very similar to ketoanhydrokinamycin (260,
304, 420 nm) called metabolite UV16A.

(2) Two non polar metabolites having a 402-404 nm chromophore (215, 256,
406 nm) called UV16B1 and UV16B2.
(3) A more polar metabolite with UV max at 252, 320, 380 nm called UV16C.

Development of isolation and purification procedures for each of these

compounds was the early focus in this study. Following the isolation and
purification of the new metabolites, structural studies of these compounds by
modern high field NMR techniques, such as 2D NMR and other spectroscopic

methods, was the immediate objective. Since the use of the 13C-multiply

labeled precursors makes simultaneous determination of structure and
biosynthesis possible where classical methods could not provide unequivocal

answers, the last part of this study was focused on feeding uniformly 13C

labeled glucose and characterizing the 13C-enriched metabolites by the
appropriate NMR techniques.

14

Results and Discussion

Isolation and Characterization of MC2 Metabolites

The 7% wheat, 2% trace metals production medium was chosen to
grow the mutant since it showed the best production of the new metabolites.

The colored metabolites were obtained from mycelium by extraction with
acetone.

Initial attempts to purify the colored metabolites by flash

chromatography on Silicar CC-4 did not result in good separation and the
Silicar retained the material very strongly. Other portions of the mycelium
extract were chromatographed on Sephadex LH-20 and phosphate buffered

(pH 7) flash grade silica gel and eluted with increasing concentrations of
methanol in dichloromethane. Both were capable of separating UV16A from

UV16B1/UV16B2. The buffered silica had the advantages of tolerating more
material compared to the same size column of LH-20, and by the speed of flash

chromatography over gravity LH-20 chromatography. The isolation and the
purification of the different metabolites is outlined in Scheme 11.1.
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Fermentation

Adjust to pH 2.8
and centrifuge

Discard broth

Sonicate cells, extract in
acetone and filter over Celite

1

Discard cell mass

Filtrate

Extract in EtOAc

Discard aqueous

EtOAc layer
trituration with

petroleum ether

Non polar oils

Crude extract
IBuffered silica column
chromatography

1

fractions enriched

B1 /B2 mixture

in UV16C
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Sephadex LH2O
column

Pure UV16A

Fractions enriched

Preparative

HPLC (C-18)

Pure B1 and Pure B2

Flash C-18
column

Pure UV16C

Scheme 11.1 Schematic Diagram of the Isolation and Purification of MC2
Metabolites.
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Production and Detection of Phenanthroviridin Aglycone (1)

In an attempt to find a good chromatographic system to separate MC2

metabolites, prior to the development of the above purification scheme, crude
extract from MC2 cells (from a 4.3 L fermentation culture) was chromatographed

on a column of Silicar CC-4 and colored materials were eluted with increasing
proportions of EtOAc in dichloromethane (DCM). Fractions containing UV16A
as the major component (170 mg) were further purified on a column of buffered

silica gel, yielding 24 mg of material in the fraction most enriched in UV16A. A

portion (5 mg) was further chromatographed on Sephadex LH-20 in toluene-

methanol (9:1).

One of the fractions (1 mg) was dissolved in methanol

dichloromethane (9:1) and analyzed by diode array HPLC (Figure 11.1a). One
of the minor metabolites in the fraction, eluting at 19.6 min, exactly matched the

retention

time and the UV/vis absorption spectrum

of authentic

phenanthroviridin aglycone (Figure Ili b). Co-injection with the authentic
materia139,40 gave a symmetrical enhancement of the peak with an unchanged

UVNis spectrum. Further confirmation of the identity of the peak assigned to 1
was provided by thermospray (TSP) liquid chromatography mass spectrometry

(LCMS): both an authentic sample of 1 and the new metabolite had identical
retention times and gave an M- ion at m/z 305.1

17
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Figure 11.1 HPLC Analysis of LH-20 Fraction from MC2. A: Chromatogram of
LH-20 fraction. B: UVNis absorption spectrum of the component eluting
at 19.56 min overlaid with spectrum of authentic 1

Phenanthroviridin aglycone was predicted to be a possible
intermediate 22 in the kinamycin pathway before the structure revision has been
done.

Subsequently four naturally-occuring benzo[b]phenanthridines have

been isolated from two different Streptomyces, including 1, and the
jadomycins.41,42 The quinone, 10, in the kinamycin biosynthetic pathway could

18

readily lead to the benzo[b]phenanthridines via nitrogen addition and
decarboxylation.1
CH3

OH o

OH 0
10

1

Scheme 11.2 Phenanthroviridin Aglycone as Possible Shunt Product from
Kinamycin Biosynthetic Pathway.

Bioactivity

The UV16B1/UV16B2 mixture had some antibiotic activity against
Gram-positive bacteria, which are more sensitive than Gram-negative. The

minimum inhibitory concentrations of UV16B1/UV16B2 against a group of
selected bacteria are listed in Table 11.1.

UV16B1/UV16B2, UV16A, and

UV16C exhibit no significant activity against yeast or mold.

19

Table 11.1: Minimum Inhibitory Concentration of UV16B1/UV16B2 (1.1g/mL)

MIC

Test microorganism

>128

Escherichia coil ATCC 10536
Serratia Marcescens ATCC 13880

128

Pseudomonas aerufinosa ATCC 25619

128

Klebsiella pnumonias A"AD"

128

Bacillus subtilis ATCC 6633

16

Staphylococcus aureus ATCC 25923

64

Streptococcus faecalis ATCC 29212

64

Micrococcus luteus ATCC 9341

1

Bioactivity of different fractions from a buffered silica column was tested

in the laboratory of Dr. M. Daeschel (Food Science-OSU), and the results are
presented in Table 11.2. Five mg of samples (1-4 : nonpolar fractions, UV16C,

very polar fractions, UV16A respectively) were dissolved in 1 mL of DMSO and

paper disks (1/4 inch diameter) were impregnated with 20 p.L. Number 5 was
prepared by partially dissolving -11 mg of UV16B1/UV16B2 mg in 1 mL of 9:1
DCM- methanol and the disk was prepared by adding 15 !IL of the suspension,
while disk 6 was prepared by adding 15 t.i.L of UV16 broth and 7 was a DMSO

control.

UV16A, UV16B1/UV16B2 and UV16C did not show pronounced

activity toward bacteria, yeast or fungi.

However the nonpolar fraction of the

fermentation crude extract has very high activity against fungi.
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Table 11.2 Bioactivity of Different Fractions of MC2 Extract.

Gram positive bacteria

1

2

3

4

5

6

Lactobacilus plantarum 31

Pediococcus pentosaceus FBB-61

-

Streptococcus faecalis 34

Leuconostoc mesenteroides 47
Staphilococcus aureus 609
Bacillus subtilis 614

++
+/

+/-

*+

Listeria monocitogenes 630

+1

Gram negative bacteria

Klebsiella pneumonie 601

+

+

+/

+/-

Escherichia coli 13604

Enterobacter aerogenes 605
Pseudomonas aeruginosa 603

Pseudomonas flourescense 602
Salmonella typhimirum 616

Yeast

1003
1009

+++

1011

*+++ -

1023

*+++ *+

1024

*+++

1025

*+++ *++

1026

*+++ -

++

++

*+

+/

*++

+/

7
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Table 11.2, Continued

Fungi
MP-2

+++

MP-3

+/-

MP-4

+/

MP-6

++

MP-7

*+++ 

MP-13

++



+/

*+++ extremely large inhibition but not complete
*++ or *+ not complete inhibition

Radioactive and Stable Isotope Feedings

To prepare for a 13C-feeding, the incorporation of glucose or glycerol as
a carbon source was tested. [U- 14C]D- Glucose and [U-14C]glycerol were fed to

separate cultures of MC2 at 24, 48,and 72 h after the inoculation of the
production media.

The addition of both labeled glucose and glycerol was

accompanied with 1 g of unlabeled compound to observe the effect on the

production of the target metabolites.

The addition of both compounds

decreased the production of UV16A and UV16B1/UV16B2 while it did not affect

the production of UV16C. The incorporation of 14C from either glucose or
glycerol in various metabolites was similar: 0.08 - 0.12% in UV16B1/UV16B2
and 0.11 - 0.17% in UV16C. Glucose was chosen over glycerol for the stable
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isotope feeding experiment because it has the advantage of showing longer
units.

[U-13C6]D-Glucose was fed along with [U-14C]D-Glucose to one liter of

MC2 cultures using the same feeding strategy used for the radioactive feeding.

The crude extract (298 mg) was chromatographed by the usual method.
Buffered silica chromatography yielded 17.5 mg of pure UV16B1/UV16B2
mixture with 0.048% 14C incorporation. The incorporation of the radioactive
label in UV16A was 0.013%. However, since the mass of this metabolite was
only 1.6 mg the 13C NMR spectrum showed a highly 13C enriched sample. On

the other hand, UV16C had a 0.034% incorporation but, due to high amount
(116 mg) produced, the level of 13C enrichment shown in the 13C NMR spectrum

was low.

UV16A Structural Studies

UV16A was separated from a minor green metabolite, having similar Rf

on silica gel TLC, by chromatographing the fraction enriched in UV16A on a

Sephadex LH-20 column and eluting with dichloromethane- methanol (1:1).
The infrared spectrum of the pure UV16A, with strong absorption at 1629, 1669

cm-1 representing quinone carbonyl stretches, was not surprising since its

UVNis spectrum resembles that of ketoanhydrokinamycin, 15. Indeed,
examination of proton NMR spectrum of UV16A (Table II.3) revealed the
pattern typical of the three adjacent hydrogens in the A ring of the kinamycin
skeleton [8 7.37 (1H, d, J = 8.6 Hz), 7.81 (1H, t, J = 8.2 Hz), 7.54 (1H, d, J= 7.2
Hz)].
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A 1H-1H COSY spectrum revealed another AMX spin system at 6 7.1
(1H, d, J=8.4 Hz), 7.85 (1H, dd, J= 8.4, 2.0 Hz), 8.08 (1H, d, J= 2.0 Hz). Single

frequency decoupling provided confirmation of this analysis. From an HMQC

experiment, it was deduced that two doublets at 8 3.15 and 3.90 represent
diastereotopic methylene protons that show geminal coupling of 13 Hz. From
the above data part structures 21 and 22 were defined.

7.10

H
7.81

7.37

OH 0

H
8.08

21

22

These two part structures left unassigned signals for one methyl at 8
1.3, the diastereotopic methylene, one aromatic, and one exchangable proton
at 8 8.00. There was also a very broad "hump" in the region of 11-12 ppm that

was not accounted for. Due to the poor solubility of UV16A, a decent natural
abundance 13C NMR spectrum was never obtained. Some of the 13C chemical

shifts were observed indirectly through HMBC and HMQC NMR experiments.
The results will be discussed later.

The solubility of the UV16A metabolite was so low that a small sample
of - 2 mg would precipitate in 0.5 mL of DMSO at 323 K in the NMR tube as light

orange needles. To modify the quality of the crystal, a super-saturated solution

(- 2 mg of material in 0.5 mL of DMSO heated to - 90 °C) was slowly cooled
over a 48 h period in a low-form Dewar flask filled with hot water. The collected

crystals were suitable for X-ray diffraction. A single crystal X-ray diffraction
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analysis provided the total structure 2. The ORTEP plot is shown in Figure
11.2.
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Figure 11.2 ORTEP Drawing from Single-Crystal X-ray Structure Determination
of UV16A. Hydrogens have been omitted for clarity.
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Table 11.3 NMR Spectral Data of UV16A

No.

1H

192.6 C

1

2

13C

(3.15, 3.9) 2H, d, J= 13Hz

Jcc (Hz)

52.7

51.5 CH2

3

74.3 C

37.5

4

157.1 C

55.7

4a

**C
117.5 CH

68.6

6

162.5 C

70.2

6a

**C

7

190.0 C

55.7

7a

115.9 C

65.0

8

160.7 C

64.6

5

8.1 1H, s

9

7.37 1H, d, J= 8.6 Hz

124.0 CH

57.0

10

7.81 1H, t, J= 8.2 Hz

137.6 CH

56.9

11

7.54 1H, d, J= 7.2 Hz

118.7 CH

61.4

11a

135.0 C

61.2

12

182.6 C

53.2

12a

**C

12b

**C
20.7 CH3

37.5

1'

166.7 C

*

2'

129.0 C

13

3'

1.3 3H, s

8.08 1H, d, J= 2.0 Hz

127.0 CH

4'

132.0 C

5'

148.0 C

6'

7.10, 1H, d, J= 8.4 Hz

116.3 CH

7'

7.85, 1H, dd, J= 8.4, 2.0 Hz

131.4 CH

*

*

1'-NH2 8.00, 2H, br, exchangable
6 -OH

11-12, br, exchangable

8 -OH

11-12, br, exchangable

* The enrichment is very low and Jc.c could not be measured.
** 13C chemical shift could not be identified by HMBC experiment.
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Figure 113 13C NMR of 13C Enriched UV16A from [U,13C6]D-Glucose Feeding
Experiment
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In agreement with the crystal structure, the HRFABMS furnished the
formula M+H of C2607N2H17 (M/Z 469.1030, calcd 469.1031).

A 13C enriched sample of UV16A was prepared biosynthetically from
the [U-13C]D-Glucose feeding experiment. The 13C NMR spectrum of the 13C

enriched UV16A is shown in Figure 113. An HMBC experiment of the 13C
enriched UV16A at 333 K allowed the assignment of most of the carbons. H2-2
showed two bond correlations to the ketone carbonyl (C-1) at S 192.6 and to C
3 at 8 74.3, and three bond correlation to C-4 (5157.1). The methyl protons at S

1.30 showed two bond correlations to the methylene (C-2 at 8 51.5) and to C-3

in addition to three bond correlation to C-4. H-9 at S 7.37 showed correlations
to an oxygen bearing carbon (C-8, 8 160.7), C-11 at 8 118.7 and to a quaternary

carbon C-7a at 5115.9.

H-10 at 8 7.81 showed correlations to C-8 and a

quaternary carbon (C-11a, 8 135.0). H-11 at 8 7.54 showed to C-7a, C-9 at S
124.0 and a quinone carbonyl (C-12) at 8 182.6. H-6' at 8 7.10 showed three

bond correlations to C-2' at 8 129.0 and to C-4' at S 132.0. H-7' at 8 7.85
showed correlations to C-3' at 8 127.0 and to C-5' at 8 148.0. H-3' at 8 8.08
showed correlations to C-4', C-5' and C-2'. H-5. The singlet at 8 8.1 showed a
single correlation to C-4.

The latter proton was expected to have a longer T1 (relaxation time)
than other protons in the molecule since it is isolated. Therefore it did not show

all the three bond correlations at the HMBC experiment default conditions with

D1 (1 - 5 Ti) = 2 s. However, repeating the HMBC experiment using D1 = 4 s

did not give better results.

The 13C signal at 8 190.0 was assigned to the

hydrogen-bonded quinone carbon. It is consistent with other examples like

kinamycin D, that the hydrogen bonded carbonyl of the quinone has a higher
chemical shift than the free carbonyl. The 13C shifts at 8 162.5 and 166.7 were
assigned to C-6 and C-1' respectively.
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With these results, four carbons (C-4a, C-6a, C-12a, and C-12b)
remained unassigned but only two obvious trios at 8 121.1 (J = 55.5 Hz) and

140.4 (J = 60.1 Hz) are not accounted for, the other two should be in the
congested region of the spectrum. The carbon at 121.1 has the same Jc-c as C

7 so it could be assigned to 6a, but since two carbons are missing this might be

a wrong assignment. The connectivities are shown in 2a. Attempts to obtain a
2D-INADEQUATE spectrum were unsuccessful, possibly because of the small
amount of sample (1.6 mg) and the poor solubility of the material.

2a

Biogenesis of UV16A

Isolation of PD116744, 2343, from S. WP3668 suggested a possible

biogenesis of UV16A from 23 and 24.

The latter structure suggested a

possible shikimate origin. Shikimic acid is known to be derived from glucose
by the combination of an intact four-carbon unit, erythrose 4-phosphate, and an

intact three-carbon unit, phosphoenol pyruvate. The structure of 23 suggested
a decaketide via dehydrorabelomycin 11.
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Scheme 11.3 Biosynthesis of CAN Unit from Glucose.

COSX

C

02Na
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OH 0
23

OH

OH 0

OH
11

Scheme 11.4 Proposed Biosynthesis of PD116744, 23, via
Dehydrorabelomycin.

Examining the 13C NMR spectrum of the 13C enriched UV16A revealed

that the 13C enrichment level of the decaketide chain is greater than the CAN
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unit. This might be due to an inappropriate timing of the labeled precursor

feedings with respect to the biosynthesis of this unit of the molecule. Another
reason is that glucose could be broken into - and resynthesized from - trioses

(3-glyceraldehyde phosphate and dihydroxyacetone phosphate) and the
resulting coupling pattern could not be the same expected for the shikimate
derived unit.

However, metabolism of glucose to acetate will break the six

carbon unit into three [1,2-13C2]acetyl CoA units. When the 13C-doubly labeled

acetates condensed to form the 23, each carbon will be coupled to its 13C

partner, except for C-2 which is expected to loose its 13C partner via
decarboxylation and show a singlet instead of trio signal in the 13C NMR
spectrum. Although the 2D-INADEQUATE experiment did not work, the carboncarbon coupling constants (1,/c_c) showed the expected pattern of biosynthesis
of the dekaketide part of the molecule from acetate 2b.

NH2

OH 0

OH

2b

UV16B1/UV16B2 Structural Studies

UV16B1 and UV16B2 were inseparable on either buffered silica
(eluting with increasing proportions of Me0H in DCM) or Sephadex LH-20
(eluting with Me0H-DCM 1:1, or Me0H-toluene 1:1) and they appeared as a
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single yellow spot on silica TLC. The spot would turn greenish brown in few
hours.

Attempts to separate them on C-18 MPLC using 30 or 40%
Isocratic conditions using different

acetonitrile/water were not successful.

concentrations of acetonitrile in water were not successful either to separate

UV16B1 from UV16B2 on a preparative C-18 column.

The separation of

UV16B1 and UV16B2 was provided by scale up of the analytical HPLC
technique (Figure 11.4).

Preparative HPLC was the only method we found

which provided efficient separation of UV16B1 and UV16B2. As a result,
preparative HPLC was of pivotal importance in this separation.
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Figure 11.4 HPLC Diagram of UV16B1/UV16B2 Mixture from Buffered Silica
Column.

The solubilities of both UV16B1 and UV16B2 were limited in most
solvents like acetone, methanol, dichioromethane, and dioxane.

Therefore

none of these solvents could be used as an NMR solvent. The only two
solvents that were suitable for NMR use were N,N-dimethyl formamide and
dimethyl sulfoxide.

UV16B1 and UV16B2 have very similar UVNis spectra with maxima at

260 nm (E 3.3X104) and 405 nm

1.9X104) in Me0H. Their IR spectra are
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indistinguishable and have absorptions at 3423, 1744, 1650, and 1521 cm-1
(KBr). Their 1H NMR spectra differ only in the region of 8 0.80-0.90; otherwise

their signals overlap perfectly in the mixture. Figure 11.5 shows the 1H NMR

spectra of pure UV16B1 and pure UV16B2 and indicate the resemblance of

both. 1H NMR signals at 8 7.57, 8.21, 9.07, and 10.4 disappeared with the
addition of D20, indicating exchangable protons. Deuterium exchange caused

the triplet signal at 8 5.28 to collapse to a doublet indicating coupling to an
exchangable proton.

10.0
.0

9.0

8.0

7.0

6.0

5
5.0
1

PPM

4.0

3.0

2.0

Figure 11.5 1H NMR Spectra of UV16B1 and UV16B2 Illustrate the Similarity of
the Two Compounds

1.0

34

The 13C NMR spectrum of UV16B1 (Table 11.4) showed 32 peaks
which were classified into 5 CH3, 3 -CH2-, 6 -CH-, 5 -CH =, and 13 quaternary

carbons by analysis of DEPT spectrum. The 13C spectrum of UV16B2 (Table
11.4) showed one extra -CH2- peak. The DEPT experiment result accounted for

all 32 non-exchangable hydrogen atoms in UV16B1 and 34 nonexchangable
hydrogen atoms in UV16B2. Mass spectrometric analysis was tried by different

ionization techniques such as field desorption, and electrospray, in addition to
negative and positive FAB. All methods agreed on a low resolution value of m/z

654 for UV16B1 and m/z 668 for UV16B2, indicating a difference of 14 mass

units between the two compounds. The best formulae for the number of
carbons and hydrogens, obtained from HR positive FAB, were C32H38011 N4

(m/z 654.2574, calcd. 654.2527) and C33H40011N4 (m/z 668.2682, calcd.
668.2683). The direct connectivity of proton and carbon atoms was established
by an HMQC experiment. Analysis of 1H-1H COSY and HMBC spectra revealed

part structures 25 - 28, which were common in both UV16B1 and UV16B2.

Table 11.4. NMR Spectral Data of UV16B1 and UV16B2

UV16B2

UV16B1
No.

1H (3Jin Hz)

13

jcc in Hz)

1H (3Jin Hz)

169.3 (62.9)

169.3 (62.9)

1'

13c (,jcc in Hz)

2'

5.28 1H, t, J= 8.3

52.7 (63.0)

5.28 1H, t, J= 8.3

52.7 (63.0)

3'

5.55 1H, p, J= 7.0

71.2 (63.0)

5.55 1H, p, J=7.0

71.2 (40.2)

5'

172.9 (58.0)

172.8 (58.0)

6'

2.52 1H, m

49.2 *

2.50 1H, m

49.2 *

7'

4.87 1H, m

74.9 (complex)

4.87 1H,m

75.0 (complex)

8'

4.85 1H, m

73.6 (57.7,39.0)

4.85 1H, m

73.6 (57.7,39.0)

12'

174.9 (57.2)

175.3 (57.2)

11'

2.65 1H, sep, J= 7.0

33.3 (34.1)

2.55 sep, J = 7.0

40.3 **
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Table 11.4, Continued

13'

1.13, 2H, m

18.6 (34.0)

14'

1.4, 1.6, 2H, m

25.9 (34.6)

0.86 2H, t, J= 7.3

11.36 (34.6)

15'

1.3, 1.5 2H, m

27.5 *

1.3, 1.5 m

27.6 *

16'

-1.2 2H, m

28.6 (complex)

-1.2 2H, m

28.5 (complex)

17'

-1.2 2H, m

21.8 *

-1.2 2H, m

21.8 *

18'

0.81 3H, t, J=7.0

13.6 *

0.81 3H, t, J= 7.0

13.5 *

19'

1.37 3H, d, J= 6.6

15.0 (40.6)

1.37 3H, d, J= 6.6

15.0 (40.6)

20'

1.22 3H, d, J = 5.4

17.7 (38.6)

1.22 3H, d, J = 5.4

17.7 (38.6)

21'

1.13 3H, d, J= 7.0

18.7 (34.0)

1.12 3H, t, J= 7.0

16.5 (33.9)

22'

-

161.5

NH

9.07 1H, d, J= 8.9, exch

-

161.5
9.07 1H, d, J= 8.9, exch -

1

166.1 (62.7)

166.1 (62.7)

2

131.8 (62.7)

131.8 (61.5)

3

8.41 1H, d, J= 1.8

128.6 (66.4)

8.41 1H, d, J= 1.8

128.6 (66.4)

4

132.8 *

132.8 *

5

144.4 (54.6)

144.4 (54.6)

7.59 1H, d, J=8.7

116.3 (62.4)

6

7.59 1H, d, J= 8.7

7

8.14 1H, dd, J=8.7,1.9 131.5 (59.2)

8.14 1H, dd, J= 8.7,1.9 131.5 (59.2)

Chr

8.56 1H, br

162.1 *

8.56 1H, br

162.1 *

Chr

8.28 1H, br

113.8 (64.4)

8.28 1H, br

113.8 (64.4)

Chr

-

148.3 (33.5,85.4)

148.3 (33.5,85.4)

Chr

145.3 *

145.3 *

Chr

112.9 (79.0)

112.9 (79.0)

Chr

136.8 (55.800

136.8 (55.8)

Chr

176.6 (54.5)

176.6 (54.5)

116.3 (62.4)

Chr

8.21 1H, br, exch.

8.21 1H, br, exch.

Chr

7.58 1H, br, exch.

7.58 1H, br, exch.

Chr

10.4 1H, br, exch.

10.4 1H, br, exch.

Chr

176.6 (54.5)

** Under DMSO signal.
* The 13C enrichment is very low and Jcc could not be measured.

176.6 (54.5)
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In 25 the AMNX spin resonances at S 1.37, 5.55, 5.28, and 9.07 in the
1H NMR spectra of both UV16B1 and UV16B2 was traced in the 1H-1H COSY

spectrum (Figure 11.6), and revealed a threonine residue. The methyl protons

8 1.37 showed a two bond correlation to C-3' (8 71.25) and a three bond
correlation to C-2' (8 52.7). H-3' showed HMBC (Figure 11.8 and Appendix

1) correlations to C -19' and to the carbonyl at C-1'. The aproton of the
threonine residue (H-2') showed three bond correlations to C-22' (8 161.5) and

C-19' as well as two bond correlations to C-1' and C-3'

.

The exchangable

doublet at 8 9.07 showed two bond correlations to C-22' and C-2', in addition to
a three bond correlation to C-11.

..f."1","P

19

25

Part structure 25 was confirmed by routine amino acid analysis of both

UV16B1 and UV16B2 which indicated the presence of a threonine residue. To
determine the absolute stereochemistry of the threonine residue, both UV16B1

and UV16B2 were hydrolyzed and chiral gas chromatographic analyses on
Chirasil Val-III collumn were carried out. The threonine residue was found to
have the L- configuration in both compounds.
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Due to the severe overlapping of the proton resonances from S 0.8 to
1.4, the crosspeaks in the 1H-1H COSY were ambiguous (Figure 11.7). Part
structure 26 was assigned mainly based on correlations in the HMBC spectrum

of the pure compounds. The methine proton (H-6', S 2.5) showed a crosspeak

to a carbonyl (C-5') at 8 173, an oxygenated methylene (C-71) at 8 75.0, and
another methylene (C-16') at 8 28.5. H-7' showed a three bond crosspeak to C

20' as well as two bond correlations to C-6' and C-8'. H-8' showed a crosspeak

to C-7'. The methyl at 8 1.22 was connected by two HMBC cross peaks to the

oxygenated carbons (C-7' and C-8'), as well as from 1H-1H coupling (COSY
spectrum) to H-8'.

26

Regarding the alkyl side chain of this sub-structure, the methyl
hydrogens (H3-18') at 8 0.81 showed a two bond crosspeak in the HMBC

spectrum to a methylene (C-17') at 8 21.8 and a three bond crosspeak to
another methylene (C-16') at 8 28.5. Those connectivities are shown in part
structure 26. Examination of the 1H-1H COSY spectrum revealed a coupling
between H3-18' and H2-17'. A weak coupling was also observed between one
of the diastereotopic protons on C-15' and both H2-16" and H-6'. The insertion
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of C-15' in the side chain has a weak evidence since no HMBC crosspeaks was
seen to this carbon from H-6', H-7', or H2-16'.
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Figure 11.7 An Enlargement of the 0.0 - 3.0 ppm Region of the 400 MHz 1H-1H
COSY of UV16B1 in DMF-d7
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Figure 118 The 500 MHz HMBC Spectrum of UV16B2 in DMF-d7
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Figure 11.9 The 500 MHz HMBC Spectrum of
UV16B2 in DMF-d7 at 368 K
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To uncover the ambiguity in the length of the side chain in 26, acid
hydrolysis of the UV16B1 /UV16B2 mixture was performed. The dihydroxy acid

resulting from the hydrolysis lactonized under the hydrolysis conditions to give

26a which was extracted into dichloromethane. The trimethylsilyl derivative of

the hydroxy lactone, 26b, was detected by GC-MS and showed a sequential
loss of one methyl and three methylenes. The HR electron impact (El) mass

spectrum of the lactone (molecular ion at m/z 171.1020, calcd.

171.1010)

furnished the molecular formula C9I-11503. This result confirmed the length of the

side chain to be four carbons in 26a and respectively in 26.

244

215

Q 188

111

C H3

`C H3

201

H 30

H 3C

0
731117S

26a

26b

Establishing the third partial structure revealed the difference between

UV16B1 and UV16B2: an isobutyric ester in UV16B1 and an a-methyl butyric

ester in UV16B2. This sub-structure was well defined by 1H-1H COSY and
HMBC crosspeaks. In 27, the two methyls (C-13' and C-211) have similar 1H

chemical shifts (S 1.13) and slightly different 13C chemical shifts (8 18.6 and
18.7). The 1H signal at 8 1.13 showed a two bond correlation to C-12' (8 33.3)

and a three bond correlation to C-111 (8 175.3). H-12' at 8 2.65 showed two
bond correlations to the methyls and to C-111. In 27, H3 -21', H-12', H2-13', and

H3-14' were linked through couplings in the 1H-1H COSY spectrum. Analysis of
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the HMBC spectrum revealed the following correlations: from H3-21' to C11' (6
174.9) and C-12' (8 40.3); from H-12' at 8 2.55 to C-21' (6 16.5), C-13' (6 25.9),
and C-14° (6 11.4); from H2-13' at 6 1.4 and 1.6 to C-12', C-21', C-111 and C-14;

and from H3-14 at 6 0.86 to C-13', and C-12'.

2vC RI\

) of
A 38...}, 2.

1,

0
27

28

H-7' showed a three bond coupling to C-11' in the HMBC, which linked

26 to 27 in UV16B1 (or 28 in UV16B2) via an ester linkage. Another critical
cross peak from H-3' at 6 5.55 to C-5' in the HMBC spectrum indicated the
connection of C-3' in 25 to C-5' in 26 via an ester linkage. The nine membered

ring bislactone was closed by a three bond cross peak from H-8' to C-1'. The

bislactones in UV16B2 (29) and in UV16B1 (30) are shown below with these
critical correlations.

29

30
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The fragment ion peak at m/z 311.0520 in the FAB-MS represent the
loss of the aliphatic species, leaving the common chromophore with a fragment
ion formula of C15H905N3.

Part structure 31 was the only part of the chromophore clearly deduced

from 1H-1H COSY and HMBC spectra. The pattern was very similar to that
found in the spectrum of UV16A. H-7 at 8 8.14 showed meta coupling to H-3 (8

8.28) and ortho coupling to H-6 (8 7.59) in the 1H-1H COSY experiment in

addition to crosspeaks to C-1, C-3, and C-5 in the HMBC spectrum.

H-3

showed a two bond crosspeak to C-4, three bond to C-1 and C-5, and a four

bond to C-6 while H-6 showed crosspeaks to C-2, C-3, C-4, and C-5 in the
HMBC spectrum. The similarities in the 13C and 1H chemical shifts between 31

and the "CAN" unit in UV16A suggest the same linkage to the rest of the
molecule through an oxaphenazine ring.

31

In addition to three exchangable signals, two other broad signals in the

1H NMR spectrum remained unassigned. One proton at 8 8.56 is attached to a

carbon at S 162.1 that has a CH coupling constant (1,/c-H) of 202 Hz and the
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other at 8 8.28 is attached to a carbon at 6 113.8 that has a CH coupling of 184
Hz. The chemical shift and the CH couplings suggest that these two protons are

present on a five membered heterocyclic ring.

From the HMBC NMR

experiment, the proton at 8 8.7 showed correlation to a carbon at 6 136.8. None

of the three exchangable signals showed any correlations in the HMBC
spectrum except 6 7.58 that showed a cross peak to C-2. Running the HMBC

experiment at higher temperature (368K) (Figure 11.9) gave additional
crosspeaks from the proton at 6 8.28 to a carbon at 6 176.6 and to a carbon at 6
145.3.

Several attempts were done to functionalize UV16B1 and UV16B2.

Attempts

to

acetylate

under

basic

(acetic

anhydride,

pyridine,

dimethylaminopyridine) or acidic [acetic anhydride, sulfuric acid-acetic acid
(1:10)] conditions failed because the compounds were sensitive to both acid
and base. Methylations of the two compounds were tried with methyl iodide or
dimethyl sulfate in the presence of potassium carbonate, but failed for the same
reason. Diazomethane did not react with the compound.

One successful reaction with the UV16B1/UV16B2 mixture was
reduction with mild reducing agents. Using zinc/zinc chloride in ethanol or

aqueous sodium dithionite (Na2S2O4) in Me0H reduced the compounds
instantaneously. The reactions were monitored by TLC and they showed a
single spot more polar than the starting material.

The reduction added two

exchangable signals in the 1H NMR spectrum (Figure 11.11). Surprisingly, the

positive FAB mass spectrum of the dihydro UV16B2 gave the same molecular

formula as the one observed for UV16B2 (C33011N4H40).

The logical

explanation of this result is that, since UV16B2 is easily reduced, it is being
reduced on the FAB matrix. Therefore the formulae for UV16B1 and UV16B2
should be C32H36011 N4 and C32H38011N4, respectively. Preliminary inspection
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of the 1H NMR spectrum of dihydro UV16B2, which gave very sharp signals for

all aromatic and all exchangable signals, revealed that no change occurred in

the aliphatic part of the molecule. On the other hand, dramatic changes were
observed in the proton chemical shifts of the chromophore. H-3 changed from 6

8.54 to 6.95, H-6 changed from 8 7.7 to 6.7 and H-7 shifted from 8.28 to 7.15.

This type of shift is consistent with reducing an electron withdrawing group
attached to the ring to generate an electron donating group. The other two
aromatic protons, one at 3 8.56 on a carbon at 6 162.1 shifted to 8 8.21 and the

carbon to 160.0, and the other at 8 8.28 on a carbon at 8 113.8 changed to 8
7.62 and the carbon to 8 109.5. The carbon at 8 176.6 in UV16B2 disappeared

from the carbonyl region in dihydro UV16B2, and the carbon at 8 161.5
changed to 166.8.
In the HMBC spectrum (Figure 11.12) of dihydro UV16B2, H-3 at 8 6.95

showed crosspeaks to carbons at 8 119.6, 143.1, 167.8; H-6 at 8 6.70 showed

crosspeaks to carbons at 132.3, 143.1, 135.8; and H-7 at 8 7.15 showed to

carbons at 6 112.8, 143.1, and 167.8. Figure 11.10 shows a comparison

between the 1H and 13C chemical shift of this part of the chromophore in
UV16B2 and dihydro-UV16B2.
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Figure 1110 Effect of the Reduction on 1H and 13C Chemical Shifts of UV16B2
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Figure 11.12 The 500 MHz HMBC Spectrum of Reduced UV16B2 in DMSO -d6
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Crystallizing UV16B1, UV16B2 using the slow diffusion technique in
different in different systems such as DMF/H20, DMF/ether and CH2Cl2/hexane

were attempted. The pure compounds were dissolved in one solvent and allow
the other solvent to diffuse slowly into the solution. However, in all systems the
compounds precipitated as fine powders.

Biosynthetic study of UV16B1 and UV16B2

In order to complete the structures, [13C]UV16B1 and [13C]UV16B2
were prepared biosynthetically from the [U-13C6]glucose feeding experiment.
The 13C enrichment was variable in different parts of the molecule. Both 13C

13C COSY (Figure 11.14) and 2D INADEQUATE (Figure 11.15 and Figure
11.16) spectra showed most of the aliphatic C-C connectivities very clearly

(29a, 30a).

H3C

29a

H3C

30a
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The labeling pattern of the substructure 26, suggested the possible
biogenesis from hexanoate unit (or triketide) and a three carbon unit (lactic
acid) shown in Scheme 11.5. C-15' and C-16' might be coupled and but the
coupling was not detected because of the low 13C enrichment in this part of the
molecule.

C H3

AsfrOH

HO

O

OH

Scheme 11.5 Proposed Biosynthetic Route to Substructure 26.

The labeling of the a-methyl butyric acid, 28, in UV16B2 is consistent
with its biogenesis from the amino acid isoleucine. Similarly the butyric acid,

27, in UV16B1 may originate from the amino acid valine. Both amino acids

would undergo transamination to the a-keto acid followed by oxidative
decarboxylation (Scheme 11.6).

The coupling between C-12' and C-13' in

UV16B2 and between C-12' and C-11' in both UV16B1 and UV16B2 might be
inter-unit coupling resulting from small pools of the precursors.
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Scheme 11.6 Proposed Biosynthetic Route to 27 and 28.

The threonine residue, whether it is produced from homoserine or by
reversible reaction of glycine and acetaldehyde44, showed the expected 13C
coupling pattern (Scheme 11.7).

52
C o::'

7 H3

C H2OH

I

I

CH2

CH2

HC-41- H3

HCN H3

1

H-7 OH
+

I

I

CO2

CO2

aspartate

HCh H3
C

threonine

homoserine

H2-lisi H3

ok.

C

acetaldehyde

glycine

Scheme 11.7 Biosynthesis of Threonine.

On the other hand, the chromophore C-C connectivities were
ambiguous. The C7 unit showed low 13C enrichment but the 2D-INADEQUATE

gave some connectivities, shown in 31a. The coupling pattern is not the one
expected for a shikimate derived CAN unit, unless there is a coupling between
C-5 and C-6 that was not observed due to the low 13C enrichment in this unit of
the molecule.

NH2

31a
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The connectivity of a four-carbon unit (112.9, 145.3, 148.3, 113.8) was
deduced from the 2D-INADEQUATE and 13C-13C COSY spectra. As indicated

on Figure 11.15 and Figure 11.16 some of the crosspeaks showed only on
one side of the diagonal. One ambiguous crosspeak from the carbon signal at

161.5 to either 112.9 or 113.8, showed on the side of the 161.5 and did not
appear in the C-C COSY spectrum. A two carbon unit consisting of 8 176.6 and
136.8 was revealed in both spectra.

y

X

S`ttt,
162.1

6.trf

JVVV.

148.3

H

X

8.28

8.56

C-C COSY or INADEQUATE connectivity
HMBC correlation

Figure 11.13 Carbon-Carbon Connectivities in the Chromophore of UV16B1
and UV16B2
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UV16C Structural Studies
The polar fractions eluted with 50% Me0H/DCM from buffered silica
chromatography of MC2 crude extract contained 30-40% of the mass of the
crude. TLC on silica plates did not resolve the components of this fraction. On

the other hand, reverse phase C-18 plates (developed in 30% MeCN/1.5%
aqueous NaCI) resolved the mixture into three colored components. UV16C

appeared as a yellow spot at Rf = 0.39. It was the major component in the

mixture, with orange and green minor components (Rf 0.43 and 0.22
respectively).

Chromatographing on another buffered silica column was tried

but the three components co-eluted again. Since they were resolved on C-18

TLC plates, a C-18 column was tried, and pure UV16C was eluted with 30%

MeCN/1.5% aqueous NaCI. When the same purification on C-18 was tried
without NaCI in the eluent, the separation was not successful.

UV16C has three maxima in the UVNis spectrum at 252, 320, 380 nm.

The IR spectrum showed two C=0 stretches at 1663 and 1669 cm-1, and two

bands in the (N-H2O-H) stretch region at 3357 and 3376 cm-1. Preliminary

inspection of 1H-NMR spectrum of UV16C (Figure 11.16) revealed that it
consisted of two rings with the same AMX substitution pattern. A 1H-1H COSY

NMR experiment confirmed that by showing two independent spin systems (8
7.24 d, 8.05 dd, 8.62 d) and (8 7.25 d, 7.88 dd, 8.98 d). In addition to those six
protons, there were eight exchangable signals at 8 7.27, 7.40, 7.45, 7.60, 7.95,

8.15, 11.45, and 12.45 which disappeared quickly upon the addition of 2 drops
of D20 to the DMSO-d6 solution of the compound.
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Analysis of the HMBC spectrum gave two part structures, 32 and 33. In

32, the small doublet (H-3) at 8 8.62 on a carbon at 123.3 showed three bond
correlations to C-7 (6 132.3), C-1 (6 166.2), and C-5 (6 153.9). H-6 at 6 7.24 on
a carbon at 6 115.6 showed three bond correlations to C-2 (6 132.9) and to C-4

(6 124.8). H-7 showed correlations to C-1, C-3, and C-5. In 33 H-10 at 6 8.98
on a carbon at 6 123.2 showed three bond correlations to C-8 at 6 167.2, C-12

at 8 155.5 and C-14 at 8 130.6. H-13 at 6 7.25 on a carbon at 118.5 showed

correlations to C-11 at 125.5 and C-9 at 129.3.

H-14 at 6 7.88 showed

correlations to C-12 and C-10. These two part structures accounted for all six

nonexchangable signals in the 1H NMR spectrum and all of the fourteen
carbons seen in the 13C NMR spectrum, leaving eight exchangable protons
unassigned. Since the two rings never showed connectivity to each other via
1H-1H COSY, HMBC or even NOE, this would mean one of two possibilities.
Either the rings are separated by heteroatom(s), or we are seeing two isomers

of seven carbons each.

The later possibility was excluded since different

preparations of the compound always showed a 1:1 ratio of area of the
nonexchangable protons of the two different rings. Running the 1H NMR at

higher temperature (340 K) did not change this ratio either, but all the
exchangable resonances sifted from their place to make a "hump" at 8 7.2 - 7.5.

32

33
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In order to know more about the compound and the nature of the
exchangable protons, different derivatives were prepared.

Acetylation of

UV16C using acetic anhydride in pyridine went to completion in two hours at
room temperature. The reaction was monitored by TLC and HPLC, and showed

complete transformation of UV16C to one less polar product. Working up the
reaction by adding flakes of ice, neutralizing and extracting in EtOAc hydrolyzed

the product and a mixture of the starting material and the acetylated product
was obtained. Evaporating the excess acetic anhydride and pyridine under
high vacuum without working the reaction up with water gave a clean product.

1H NMR and 13C NMR data (Table 11.5) revealed the addition of two
acetates (by integration). Two carbonyls were added to the 13C NMR at 6 168.2

and 168.4. The acetate CH3's overlapped to give one signal at 6 20.4. C-5

shifted from 8 153.9 in UV16C to 146.6 in the diacetate. Similarly, C-12
changed from 6 155.5 to 144.5. Assuming the acetylation occurred on positions
5 and 12, the 13C chemical shift of the ortho positions in both rings were shifted

downfield considerably while the meta and para positions were only slightly
affected. Although only two acetates were added, four exchangable signals

disappeared. Low resolution positive FAB showed the loss of two acetate units
from a peak at m/z 401.2 to give 359.1 and 317.2, respectively. High resolution
positive FAB was attempted on the above three peaks but none of them gave a

reasonable formula.

Nonetheless, the low resolution data confirmed the

presence of the two rings 32 and 33 in one molecule.
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Table 11.5 NMR Spectral Data of UV16C

UV16C acetate

UV16C

No.

1H-shift

13C -shift

1H-shift

13C,..shit

1

166.2

166.5

2

132.9

132.4

3

8.62 1H, d, J= 2.2 Hz

123.3

8.57 1H, d, J= 1.9 Hz

122.5

4

124.8

135.4

5

153.9

146.6

6

7.24 1H, d, J= 8.5 Hz

115.6

7.43 1H, d, J= 8.4 Hz

123.3

7

8.05 1H, dd, J= 8.5,2.2 Hz

132.3

7.97 1H, dd, J= 8.4,1.9 Hz

129.1

8

167.2

165.5

9

129.3

132.9

10

8.98 1H, d, J=2.1 Hz

123.2

8.42 1H, d, J= 2.0 Hz

124.2

11

125.5

140.7

12

155.5

144.5

13

7.25 1H, d, J= 8.6 Hz

118.5

7.55 1H, d, J= 8.4 Hz

125.2

14

7.88 1J, dd, J = 8.6,2.1 Hz

130.6

8.16 1H, dd, J= 8.4,2.0 Hz

131.2

Methylation of UV16C was attempted using diazomethane. The 1H
NMR of the product showed two O-CH3 signals at 8 3.78 and 3.90. To verify if

the methylations occurred on phenolic OH's or carboxylic OH's, an HMBC
experiment was performed.

In principle, if the methylations occurred on

phenolic OH's, the methyl protons should show three bond correlation to a
carbon in an aromatic ring, and if methyl esters were formed, the methyl protons

should show three bond correlation to the ester carbonyl. Both methyl signals
showed correlations to an oxygen bearing carbon in the aromatic ring: CH3 at 8
3.90 showed correlations to S 153.3 and CH3 at S 3.78 showed correlation to S
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154.6. This result confirms the presence of two phenolic OH's at positions 5
and 12 of the molecule.
The two part structures of UV16C are two C7N units, which is present in

UV16A, UV16B1 and UV16B2 as well as two other metabolites (R2 and PVG)
isolated from the same mutant. Both R2 and VPG each consist of only one C7N

unit but they are not further characterized. VPG is a polar component isolated

from MC2 fermentation broth.

R2 was first detected in the wild type but

overproduced by MC2.

All NMR experiments failed to connect the two rings of UV16C possibly

because they are connected by heteroatom(s). We suspected an azoxy
functionality resulting from dimerization of R2 (which is suspected to be a
nitroso compound based on mass spectrum results). This suspicion was based

on 1) the production profile of UV16C, which rises in the fermentation culture
while R2 is declining, 2) low resolution FAB MS value in the diacetate derivative

which gave m/z value of 317 after the loss of two acetates and m/z of 315
present in the low resolution FAB MS of UV16C, 3) UV16C is easily reduced
with Pd/C which is true for azoxy compounds. The reaction gave three products

upon HPLC analysis, one of the reaction products matched the reduction
product of R2, 4) Azoxybenzene compounds are known as natural products. 4'

Hydroxymethylazoxybenzene-4-carboxylic acid and azoxybenzene-4,4'
dicarboxylic acid have been identified in Entomophthora virulenta extract.45
The 1H NMR chemical shifts of the aromatic protons of the methyl esters of the

two compounds are approximately in the same region as those of UV16C (8
8.0-8.4). The structure of these two compounds was confirmed by synthesis.

Attempts to crystallize UV16C by the slow diffusion method from
DMF/H20 and DMF/Et20, in addition to slow cooling of a supersaturated
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solution of the compound in DMSO or DMF were unsuccessful. Therefore the
linkage of the two rings could not be solved.
13C enrichment in UV16C from the [U-13C6]glucose feeding experiment

was low and the measured carbon-carbon coupling constants (Jc..c) were not
reliable.
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Conclusion

The present study has resulted in 1) development of an efficient
isolation procedure for MC2 metabolites, 2) detection of phenanthroviridin

aglycone, a possible shunt product of kinamycin biosynthetic pathway, 3)
determining the structure and proposing the biosynthetic origin of UV16A, 4)
determining the UV16B1/UV16B2 aliphatic part structure and providing NMR
data for their common chromophore, and 5) providing part structure and NMR
structural assignments for UV16C.

The isolation procedures made use of preparative HPLC with a
gradient system which separated very closely related metabolites.

It is

anticipated that this step would be applicable for purification of other closely
related metabolites.

Modern two dimensional NMR techniques were used in making
structural assignments although the total structures of UV16B1, UV16B2 and
UV16C were not determined.

Further Areas of Study

In biosynthetic studies, incorporation of glucose did not clearly illustrate
the biosynthetic origin of CAN unit which is common in all compounds presented

in this study, in addition to the related two metabolites called R2 and VPG. R2

was first detected in the wild type but overproduced by MC2. Changing the
glucose feeding strategy may give clearer results.

The two part structures of UV16C could not be linked. Structures like
UV16C could be solved only by X-ray crystallography or synthesis. Attempts to

65

crystallize UV16C and its diacetate and dimethyl derivatives failed, but it may be

possible to prepare other crystalline derivatives that would make solving the
structure by X-ray crystallography possible.

Synthesis of the suspected azoxy compound could be acheived by
reduction of 3-nitro-4-hydroxybenzamide. This synthesis will either confirm or
rule out the hypothesized structure.

There are three stereogenic centers in UV16B1 and UV16B2
bislactones of which the relative and the absolute stereochemistry are
unknown. All three centers are present in the y-lactone, 26a, which is an ideal

system to determine relative stereochemistry based on H-H coupling
constants.46 Although 26a was detected by GC, it would require the hydrolysis

of considerable amounts of the pure compound to get a suitable amount of the

lactone to directly do the NMR work. Lactone, 34, derived from the HIP unit
upon hydrolysis of the didemnins, was determined by combination of synthesis,
chiral GC and NMR analysis.47

OH

34
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Experimental

General

HPLC analysis was monitored with a Waters 990+ UV photodiode array
detector.

Spectral data were processed using version 5.02 of Waters 990+

software. All fermentation media were sterilized via autoclave (15 psi, 256°F,

20 min). Liquid cultures were incubated in a Lab Line platform orbital shaker.
An IEC B-20A centrifuge equipped with an 872 rotor was used to separate cells

from the fermentation broth.

Cells were disrupted by sonication with an

Ultrasonic Model W-225R sonicator. Evaporation in vacuo refers to solvent

removal on a rotary evaporator at aspirator pressure and 25-30°C.

All

chemicals were of reagent grade, and all solvents were distilled prior to use.

Thin layer chromatography was done on silica gel aluminum-backed
plates. The reversed phase thin layer chromatography was done on Whatman

C-18 TLC plates (0.2 mm thickness). Chromatographic C-18 (BAKERBOND,
40gm) was obtained from T.J.Baker Inc. Sephadex LH 20 was obtained from
Pharmacia.

All NMR spectra were acquired either on Bruker AC-300, AM-400 or on
GE-500 (University of Hawaii) spectrometers using 5-mm multinuclear probes.

Purified UV16B1 and UV16B2 were dissolved either in deuterated dimethyl
sulfoxide (DMSO-d6) or deuterated N,N-dimethyl formamide (DMF-d7). Pure
UV16A and UV16C were dissolved in DMSO-d6. The probe was maintained at

ambient temperature except for UV16A (333 K).

1H NMR Spectra were

referenced to DMSO (2.49 ppm) or DMF (2.74 ppm). IR spectra were recorded

on a Nicolet 5DXB FT-IR spectrometer. UV spectra were recorded on an IBM
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9420 UV-Vis spectrophotometer. GCMS analysis was carried out on a Hewellet

Packard 589011 gas chromatograph, with a Hewellet Packard 5971 selective
mass detector. GC analysis using a Chirasil Val-III column was carried out on
Varian 3700 gas chromatograph (University of Illinois).

High resolution Fast Atomic Bombardment (HRFAB) mass spectra were

obtained on a Kratos MS 50 TC spectrometer with 3-nitrobenzyl alcohol as a
matrix.

Radioisotope labeled compounds were obtained from NEN-Dupont. All
radioactivity measurements were carried out in a Beckman LS 6000 SC liquid
scintillation counter using Beckman HP scintillation cocktail. All measurements

were done in duplicate to ± 2% standard deviation. [U- 13C6]D- Glucose (13C,
98+%) was purchased from Cambridge Isotope Laboratories.

HPLC Analysis

Metabolites were separated on a Waters Nova Pak C18

radial

compression column (8 X 100 mm, 4 pm particle size) using a gradient of 5
95% acetonitrile (MeCN) in water over a period of 20 min at 1.5 mUmin. Both

solvents contained 0.1% acetic acid (HOAc).

Absorption spectra of the

separated metabolites were obtained over a wavelength range of 200- 650 nm

with 2-nm interval, 2 s/scan. A reference library of spectra of the kinamycins
and all other characterized metabolites of amurayarnaensis was constructed
under the same chromatographic conditions.
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Preparation of Phosphate-Buffered Silica

640 g of flash grade silica gel (particle size 0.040-0.063 mm, 230-400
mesh, EM) was mixed with 640 mL of 0.1 M phosphate buffer pH 7 (124.8 mL of

0.2 M KH2PO4 and 195.2 mL of 0.2 M K2HPO4, diluted to 640 mL with Milli-0

water). 600 mL of water was added and the mixture was stirred with a glass
rod, filtered, and washed with water to remove the excess phosphate. The silica
was then dried in a 110°C oven for 12 h.

Fermentation of Streptomyces murayamaensis Mutant MC2

Agar Medium Preparation

Hornemann's agar48 (SG agar) medium was prepared in a 500 mL

Erlenmeyer flask by dissolving 0.15 g of L-asparagine (Sigma), 0.15 g of
K2HPO4, 0.05 g of MgSO4.7H20, 0.25 mg (1.0 mL of 0.025 g/100 mL solution) of

FeSO4.7H20 and 3.75 g of Bacto agar (Difco) in 250 mL of Milli-Q water. The

solution was heated in a microwave oven to melt the agar and autoclaved at
256 °F for 20 min. To the sterilized medium, was added 7.8 mL of sterile 40%
glucose solution. The solution was left to cool to 40°C in a water bath. Using a
sterile pipette, 25 mL of the medium were transferred to a sterile plate and left to
harden at room temperature.

An agar plug of MC2 was transferred to 1 mL of sterile 0.9% NaCI and
smashed with a wooden stick. 0.1 mL of this solution was streaked on an agar

plate and incubated at 27 °C for 6 days. One isolated colony from the agar
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plate was transferred to 1.0 mL of 0.9% NaCI solution. 0.1 mL of the solution

was transferred to an SG agar plate and streaked. The plate was kept in the

incubator at 27 °C for 6 days. Agar plugs were cut out from the plate with a
sterile straw and transferred to sterile Nalgene cryovials with 2 drops of 20%
glycerol. The agar plugs were kept at -80 °C for future inoculations.

Seed Medium Preparation

Seed media were prepared in 500 mL Erlenmeyer flasks by mixing 2.0

g Kinako soybean meal, 2.0 g a-D-Glucose (Sigma), and 0.3 g of sodium
chloride in 100 mL of Mi Ili-Q water. The solution was adjusted to pH 8.0 by
addition of 0.1 M sodium hydroxide, and then autoclaved at 125 °F for 20 min.
When the sterilized media had cooled to room temperature, one agar plug was
inoculated into the seed broth and the flask was then moved to the shaker. After

72 h at 26 °C and 280 rpm, the seed culture was ready for the inoculation of
production media.

Production Medium Preparation

Production media were prepared in 1.0 L Erlenmeyer flasks by mixing

14.0 g of wheat (Farina- Cub Food bulk product ) and 0.4 mL of a trace metal
solution [ZnCl2 40 mg, FeSO4.7H20 200 mg, CuC12.7H20 10 mg, MnC12.4H20
10 mg, H3B03 5 mg, (NH4)6Mo7O24.4H20 10 mg and 2 mL of concentrated HCI

in 1.0 L of Milli-Q water] in 200 mL Milli-Q water.

The suspension was

autoclaved at 125 °F for 25 min. When the sterilized medium had cooled to
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room temperature, 5.0 mL of seed culture were added and then incubated at 26
°C for 7 days at 225 rpm.

Isolation and Purification of UV16A, B1, B2 and C

A fermentation culture of MC2 (2 L) was harvested after 7 days and the

pH was adjusted to 2.8 using 0.1 M HCI. The culture was then centrifuged in
the IEC centrifuge with the 872 rotor for 20 min at 10,000 rpm. After discarding

the broth, the mycelium cake was suspended in 500 mL of Milli-Q water and
sonicated with the large probe (in ice bath at full power, continuous for 3 x 3
min). To the broken cells was added 600 mL of acetone and the suspension
was stirred for 1-2 h. Celite (diatomaceous earth, Sigma) was added and the

mixture was then filtered. The cell residue was washed several times with
acetone before being discarded. The acetone was evaporated from the filtrate
and the aqueous layer was extracted with ethyl acetate (3 x 1.0 L). The extracts
were washed with saturated sodium chloride solution and dried over anhydrous

sodium sulfate for 2 h. The extract was concentrated in vacuo to give 1.7 g of a

dark brown residue. The crude extract was sonicated in 150 mL of petroleum
ether (b.p. 30-60 °C) for 8 min and then centrifuged in an IEC clinical centrifuge

at speed 5 for 5.0 min. Evaporation of the ether layer gave 0.56 g of a dark
brown oil, and the dry pellet was 0.75 g. The solid was applied onto a buffered

silica column (3 x 16 cm) pre-equilibrated with 3% Me0H/DCM, in 200 mg
batches, and eluted with a step gradient of 3% Me0H/DCM (500 mL), 4%
Me0H/DCM (500 mL), 50% Me0H/DCM (500 mL), and Me0H (200 mL). The
fractions were collected based on color change but the fraction size was < 15

mL. Similar fractions were pooled together based on TLC analysis (silica gel,

71

10% Me0H/DCM) and the combined fractions were concentrated on a rotary

evaporator. The combined yields from the 2 L cultures were -10-15 mg of a

UV16A rich fraction (eluted with 3% Me0H/DCM), -80-90 mg of a
UV16B1/UV16B2 mixture (eluted with 4% Me0H/DCM), and -200-260 mg of a
fraction rich in UV16C (eluted with 50% Me0H/DCM).

Detection of Phenanthroviridin Aglycone (1) in MC2 Crude Cell
Extract

In an attempt to find a purification system to separate MC2 metabolites,

prior to developing the chromatographic system mentioned above, fermentation

of MC2 was run and worked up using the standard procedure.

The ethyl

acetate extracts from 4.3 L culture were combined, yielding 3.3 g of crude
extract. After sonication and trituration with petroleum ether to remove oils, the

remaining 2.4 g residue was dried under high vacuum, dissolved in a small
amount of DCM and adsorbed onto a small amount of silicar CC-4. This was
applied to a column of silicar CC-4 (5.5 X 26 cm) pre-equilibrated with DCM.
Colored materials were eluted with increasing proportions of EtOAc in DCM.
Fractions containing a red metabolite (UV16A) as a major component (170 mg)

were further purified on a column of buffered silica (2.5 X 26 cm) eluting with

increasing proportions of Me0H in DCM, yielding 24 mg of material in the
fraction most enriched with UV16A. A portion (5 mg) was further resolved on
Sephadex LH-20 (1.5 X 3.0 cm) in toluene -MeOH (9:1). One fraction (1 mg)
was dissolved in methanol-DCM (9:1) and was analyzed by diode array HPLC

using the standard conditions. One of the minor metabolites in the fraction

eluting at 19.6 min was identified as phenanthroviridin aglycone based on
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UVNis spectrum and retention time. Authentic phenanthroviridin aglycone40,41
was coinjected for confirmation.

The sample and the authentic phenanthroviridin aglycone were sent to

Leder le Laboratories for LC/MS analysis and gave an M- ion at m/z 305. The

HPLC/UV analysis was done using a C-18 column (Novapak, 3.9 X 150 mm)

with a 1.2 ml/min flow rate. The gradient run was 10% to 95% ACN in 0.1%
AcOH/H20 in 25 minutes. The LCMS analysis was done on Finnigan TSP-46

single quadrupole MS instrument under the following conditions: Vaporizer
temperature = 80 °C, Jet temperature = 230 °C, Discharge ionization = 1 kV,
Repellor voltage : off, Mass range 150-800, 2 s/scan.

Purification of UV16A

The standard purification procedure yielded a fraction rich in UV16A
from buffered silica column (-12 mg). It was dissolved in Me0H/DCM 1:1 (1 mL)

and loaded onto a Sephadex LH-20 column (1.8 X 27 cm) equilibrated with

Me0H/DCM 1:1. The same solvent was used for elution and fractions were

collected based on color until the bright yellow color disappeared from the
eluant. Fractions containing UV16A were pooled based on TLC analysis (silica

gel, 10% Me0H/DCM, Rf = 0.45). The combined solution was concentrated on
a rotary evaporator to give -1-2 mg of pure UV16A.
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X-ray Crystallography of UV16A

A crystal of 0.32 X 0.08 X 0.06 mm was secured on a glass fiber mount,
the data were collected at 23°C on a Rigaku AFC6R single crystal diffractometer

with graphite- monochromated Mo Ka radiation from a 12-kW rotating anode

generator. The P-1(#2) space group and unit cell parameters (triclinic, Z=2)
were determined from 18 reflections in the range of 20.05 <20< 26.14. Three

reflections measured every 300 reflections throughout data collection
demonstrated crystal stability. The structure was solved and refined with the
use of the TEXSAN49 crystallography software package, and the positions of all

non-hydrogen atoms were determined with the direct method program SHELXS
based on 1336 observed reflections (20max = 49.9°). All hydrogen atoms were

placed in calculated positions. A DIFABS emperical absorption correction was

applied, and equivalent reflections averaged.

Final cycle anisotropic

refinement of C, 0 and N gave an R value of 0.041 (Rw = 0.044) with p-factor of
0.03.

Purification of UV16B1 and UV16B2

The UV16B1/UV16B2 mixture (-85 mg) obtained from the buffered
silica column was dissolved in a minimal amount (-20 mL) of 10% Me0H/DCM
and filtered. Pure UV16B1 and UV16B2 were isolated by preparative HPLC

using a Waters Nova-Pak C18 (6 p,m) radial compression cartridge (2.5 X 20

cm). The elution system was 5% (MeCN, 0.1°/0H0Ac), 95% (0.1% aqueous

HOAc) for 10 min followed by a gradient of 5% to 95% MeCN /water, 0.1%
HOAc over 26 min.

1.0 mL was injected each time and the flow rate was
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maintained at 9.8 mUmin. The eluent was monitored for absorbance at 254 nm,

and fractions were collected manually. UV16B1 (-16 mg) and UV16B2 (-40

mg) were eluted as yellow fractions at Rt = 35.2 min and Rt = 36.4 min,
respectively.

Reduction of UV16B2

In a 10 mL round bottom flask equipped with a magnetic stirrer, -5 mg

of UV16B2 was dissolved in 5 mL of Me0H/DCM (1:1).

Under an argon

atmosphere, a 0.5 mL aqueous solution of Na2S2O4 (excess) and trace amount

of NaHCO3 was added to the reaction flask via a syringe. The dark orange
color faded to pale yellow immediately. The reaction mixture was neutralized
with 10% HCI and the product was extracted in ethyl acetate. 1H NMR data:
0.81 (3H, t, J= 7 Hz) , 0.86 (3H, t, J=), 1.12 (3H), 1.22 (3H, d, J= 5.4 Hz), -1.2
(6H), 1.37 (3H, d, J = 6.6 Hz), 1.3,1.5 (2H, m), 1.4,1.6 (2H, m), 2.50 (1H), 2.55
(1H), 5.28 (1H, t, J= 8.3 Hz), 5.55 (1H, p, J= 7.0 Hz), 6.70 (1H, d, J=7 Hz), 6.95
(1H, d, J= 0.9 Hz), 7.15 (1H, dd, J= 7, 0.9 Hz), 7.20 (exchangable, br), 7.60 (1H,

s), 7.75 (exchangable, br), 8.2 (1H, d, J = 0.8 Hz), 8.35 (s, exchangable), 8.95

(1H, s, exchangable), 9.65 (1H, d, J = 0.8 Hz, exchangable), 11.75 (s,
exchangable).13C NMR data: 11.4 (CH3), 13.5 (CH3), 14.8 (CH3), 16.5 (CH3),

17.6 (CH3), 21.9 (CH2), 25.9 (CH2), 27.7 (CH2), 28.5 (CH2), 40.3 (CH), 49.1
(CH), 53.2 (CH), 70.6 (CH), 74.0 (CH), 74.7 (CH), 105.9 (C), 109.5 (CH), 112.8
(CH), 114.4 (CH), 119.6 (CH), 122.3 (C), 123.2 (C), 131.3 (C), 132.3 (C), 135.8
(C), 143.1 (C), 143.4 (C), 160.0 (CH), 166.8 (C), 167.1 (C), 169.5 (C), 172.6 (C),

174.9 (C). Psitive FAB MS furnished a formula of C33H40011N4 (m/z found
668.2738, calcd. 668.2683)
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Acid Hydrolysis of UV16B1/UV16B2 Mixture

Three mL of 3 M HCI was added to -1 mg of UV16B1/UV16B2 mixture
in a small vial equipped with magnetic stirrer. The reaction mixture was heated

to - 110 °C for 7 h.

When the solution cooled to room temperature the

hydrolysis products were extracted in dichloromethane (3 X 10 mL). The dry
extract was redissolved in 0.5 mL of methanol and 1 mL of diazomethane was

added dropwise. When the excess diazomethane (CH2N2) evaporated, the

reaction mixture was dried again.

Two drops of dry pyridine, 2 drops of

trimethylsilyl chloride (Me3SiCI), and 2 drops of hexamethyl disilazide
(Me3SiSiMe3) were added to the reaction residue and left at room temperature

for 20 min. The product was then dried and redissolved in hexane. 0.2 µL of
the solution was injected on GC-MS using an Ultra I column (cross linked Me
silicon gum, 11.5 m X 0.2 mm X 0.33 gm film thickness). The initial temperature
was 70 °C and after a delay of 0.5 min, the temperature was raised to 260 °C at

rate of 10 °C/min. The most abundant peak appeared at 8 min and gave a
molecular ion of m/z 244.

The hydrolysis procedure was repeated and the unfunctionalized

dichloromethane extract was submitted to electron impact (El) mass
spectrometery analysis. High resolution El gave a formula of C9F11503 (m/z
171.1020, calcd. 171.101).
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Stereochemistry of Threonine Residue in UV16B1 and UV16B2

One half milligram samples of pure UV16B1 and pure UV16B2 were
each hydrolyzed in 6 N HCI at 110 °C for 12 h. The solvent was removed and
the hydrolysis product suspended in 0.2 mL of Me0H and a few drops of acetyl

chloride was added. The stirred mixture was heated in a sealed vial at 110 °C
for 1 h, and the solvent was then removed with a stream of N2. To the vial was
added 0.2 mL of trifluroacetic acid and 50 1.11 of trifluoroacetic anhydride, and

the solution was heated at 110 °C for 30 min. The solvent was removed with a

stream of N2 and the residue was dissolved in DCM. A few tiL from each
solution was injected on a Varian 3700 gas chromatograph (flame ionization

detector, Chirasil Val-III column (0.35 mm X 25 m), temperature program of
90°C) to analyse the stereochemistry of the threonine residue.50

Purification of UV16C

The fraction enriched in UV16C (-70 mg) obtained from buffered silica
was dissolved in methanol, adsorbed on celite and applied onto a C-18 column
(3.5 X 9 cm) pre-equilibrated with 20% acetonitrile/1.5% aqueous NaCI. It was

eluted with a step gradient of 300 ml of 20% MeCN/1.5% aqueous NaCI, 100

mL 50% MeCN /1.5% aqueous NaCI, 100 mL MeCN. NaCI was precipitated
from the methanol solution of UV16C by the addition of methylene chloride, and

removed by centrifuging in the IEC centrifuge at speed 5 for 5 min. The
precipitation was repeated until no more NaCI was seen. It resulted in -30 mg
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of pure UV16C. The column was then regenerated by washing with water,
Me0H and DCM successively.

Acetylation of UV16C

To a 10 mL round bottom flask equipped with magnetic stirrer, was
added -10 mg of purified UV16C, 2 mL of pyridine and 1 mL of acetic anhydride

(distilled from phosphorous pentoxide). The reaction mixture was stirred for 2 h

and monitored by TLC.

The excess pyridine and acetic anhydride were

evaporated under high vacuum. The dry residue was washed with hexane.
The NMR data is shown in Table 11.5.

Methylation of UV16C

In a 10 mL round bottom flask equipped with magnetic stirrer, -7 mg of

purified UV16C was dissolved in 2 mL of Me0H and 7 mL of diazomethane
(excess), prepared from DIAZALD (Aldrich) and stored over KOH, was added.

The reaction mixture was stirred at room temperature overnight. The solvent

was then evaporated on a rotary evaporator. Although the product was not
clean, 1H NMR spectrum showed two 0-methyls at S 3.78 and 3.90 and six
aromatic protons at 7.25 (1H, d, J= 8 Hz), 7.37 (1H, d, J = 8 Hz), 7.93 (1H, dd, J
= 8,2 Hz), 8.09 (1H, dd, J = 8,2 Hz), 8.12 (1H, d, J= 2 Hz), 8.22 (1H, d, J= 2 Hz).

13C-NMR data: 56.1 (CH3), 56.7 (CH3), 111.7 (CH), 113.2 (CH), 122.2 (CH),
123.6 (CH), 126.2(C), 126.3 (C), 129.0 (CH), 130.8 (CH), 132.4 (C), 138.2 (C),
153.3 (C), 154.6 (C), 165.9 (C), 166.9 (C).
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Bioassay

Minimum inhibitory concentrations for the UV16B1,UV16B2 mixture
were determined in 96 well plates in Mueller-Hinton broth (Difco) according to
the procedure given in reference 51. The metabolites were initially dissolved in
dimethyl sulfoxide.

Structural studies

Homonuclear Correlation Spectroscopy (COSY) on AC300

The following acquisition parameters were used : DO = 3.0 Rs, D1 = 1.0 s,

SI1 = 512 word, SI2 = 1024 word. The data were acquired in 256 experiments
of 8 scans each.

Heteronuclear Multiple Quantum Coherence (HMQC) onAC300

The HMQC data were collected using the following acquisition
parameters: DO = 3 ps, D1 = 2.0 s, SI1 = 512 word, SI2 = 2048 word. The data
were acquired in 192 experiments of 96 scans each.
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Heteronuciear Multiple Bond

on AC

0

This data set was collected using the following parameters: DO = 3 gs, D1

= 2.0 s, D2 = 3.3 ms, S1 = OH, D4 = 0.05 s, SI1 = 512 word, SI2 = 2048 word.
The data was acquired in 128 experiments of 176 scans each.

Fast Atom Bombardment Mass Spectrometry (FAB)

Samples of A, UV16B1 or UV16B2 were dissolved in 3-nitrobenzyl
alcohol matrix.

Sample ion fragments were generated by FAB source

generated from Ze gas 8 keV.

Radioisotope Feeding Studies

fkl:14-C1D-Glucose

A 25 mL aqueous solution of D- [U- 14C]glucose (4.29 X 107 dpm, sp. act.=

10-15 mCi mmol-1) was fed to 5 - 200 mL cultures in 3 pulses 24 h apart: 10 mL

of the labeled glucose solution was sterile filtered into 24 h cultures, 7.5 mL of
the same solution was subsequentely administered via sterile filter at 48 and 72

h. Each time the same volume of 4% unlabeled D-Glucose solution was added

to the cultures. The 8 day cultures were harvested to give -900 mg of crude
extract. Subsequent purification of 161.8 mg of the crude extract on buffered

silica column yielded a 4.9 mg fraction containing UV16A, UV16B1, and
UV16B2 which retained 0.014% of the fed radioactivity. Further purification of
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the UV16C containing fraction on a C-18 column yielded 7.0 mg of pure UV16C
which retained 0.02% of the fed radioactivity.

at:14C)Glycerol

The above procedure was used to feed [U-14C]Glycerol (4.43 X 107 dpm,

sp. act. = 5 - 10 mCi mmol-1) along with 1 g of unlabeled glycerol to 5 - 200 mL

cultures. The 8 day cultures were harvested to give 755 mg of crude extract.
Purification of 100 mg of the crude extract yielded 3.3 mg of UV16B1/UV16B2
mixture which retained 0.016% of the fed radioactivity.

Stable Isotope Feeding Studies

e

Fermentation conditions for this experiment were identical to those
outlined above. Feedings were administered to 5-200 mL cultures contained in
1 L Erlenmeyer flasks. One gram of [U- 13C6JD- Glucose (98+% enriched) was

dissolved in 25 mL of Milli-Q water and administered as 7.5, 7.5, and 10 mL at
24, 48, and 72 h after inoculation respectively. Simultaneously a total of 4.27 X
107 dpm of [U-74CJD-Glucose was fed in the same volumes. The 7 day cultures

were harvested and subsequent purification yielded 17.5 mg of a
UV16B1/UV16B2 mixture, 1.6 mg of UV16A, and 116 mg of UV16C.
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Appendix 1

Expansions of 500 MHz HMBC Spectrum of UV16B2

Figure A.1 Expansion 1 of the 500 MHz HMBC Spectrum of B2
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Figure A.2 Expansion 2 of the 500 MHz HMBC Spectrum of B2
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Figure A.3 Expansion 3 of the 500 MHz HMBC Spectrum of B2
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Figure A.4 Expansion 4 of the 500 MHz HMBC Spectrum of B2
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Figure A.5 Expansion 5 of the 500 MHz HMBC Spectrum of B2

1.1

10

(H-12',C-14')

15

y,

(H-1 2',C-21')

20

E
ta.

25

(H-1 2',C-1 3')

(H-6',C-16')

30

35

2.7

Iii

2.6

1

2.3

2.4

2.3

ppm

i

2.2

1

2.1

Figure A.6 Expansion 6 of the 500 MHz HMBC Spectrum of B2
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Figure A.7 Expansion 7 of the 500 MHz HMBC Spectrum of B2
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Figure A.8 Expansion 8 of the 500 MHz HMBC Spectrum of B2
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Figure A.9 Expansion 9 of the 500 MHz HMBC Spectrum of B2

r
4.7

35

40 



45

50



55

E

Q.

60

65



70

(H-2',C-3)
75


5.3

5.1

ppm

Figure A.10 Expansion 10 of the 500 MHz HMBC Spectrum of B2
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Figure A.11 Expansion 11 of the 500 MHz HMBC Spectrum of B2
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Figure A.12 Expansion 12 of the 500 MHz HMBC
Spectrum of B2
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Figure A.13 Expansion 13 of the 500 MHz HMBC
Spectrum of B2
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Figure A.14 Expansion of the 500 MHz HMBC Spectrum of B2 at 368 K
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Appendix 2

Crystal and Collection Data for UV16A, C26H16N207
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Table A.1 Crystal and Collection Data for UV16A

Emperical Formula

C26H16N207.C2H6OS

Formula Weight

546.55

Crystal Dimensions (mm)

0.23 X 0.08 X 0.06

Crystal System

triclinic

Crystal Color

orange

Habit

needle

No. Reflections Used for Unit

Cell Determination (20 range)

18 (20.05-26.14°)

Lattice Parameters:
a=

9.799 (3) A

b=

16.243 (4) A

c=

8.000(2) A

cc=

102.13 (2)°

13=

94.63 (2)°

Y=

97.94 (2)°

V=

1225 (1) A3

Space Group

P-1 (#2)

Z Value

2

Dcalc

1.482 g/cm3

Radiation

Mo Ka

Temperature

23 ± °C

Scan Type

co-28

Scan Rate

8.0°/min (in omega)

Scan Width

(1.5 + 0.03 tan 0)°
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Table A.1, Continued.
20max

49.9°

sine/Amax

0.5436 A-1

Counting Time (background: peak)

2:1

No. of Reflections Measured
Total:

5788

Unique:

2969 (Rim= 0.073)

Observed:

1336
0.041

Rw

0.044

Goodness of Fit Indicator

1.29

Corrections:
DIFABS, Lorentz and polorization effects:
Transmission Factors

Freidel Mates Averaged

0.81 to 1.28
Yes

Shift/Error (max) in Final LS Cycle

0.0266

Max. Peak in Final Diff. Map

16.664 e-/A3

Max. Unassinged Peak in Final Diff. Map

0.166 e-/A3

Min. Peak in Final Diff. Map

-0.174 e-/A3

F(000)

568

